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ABSTRACT 

Attention is called to the controversy of some years ago over the origin of the 
“TDevil’s Corkscrews.” The problem may have appeared unimportant then, but now 
a correct understanding of the paleoecology of Harrison time may hinge on the explana- 
tion of these strange “‘fossils.’”” The characteristics of Daemonelix are briefly reviewed, 
they are compared to the lianas of the modern tropical jungle, and the postulated con- 
ditions of Harrison sedimentation are believed to supply an adequate explanation for 
the presence of fossil rodent remains in the Daemonelices. The possibility of a vegetal 
origin of these fossils is believed to be demonstrated. 

INTRODUCTION 

From twenty-five to thirty-five years ago a controversy regarding 
the origin of Daemonelix' was carried on with some vigor without 
arriving at any definite conclusions. The matter was dropped; per- 
haps the origin of Daemonelix did not seem important. But now it 
appears that this problem may be important, because the origin of 
these remarkable structures in the upper part of the Harrison forma- 
tion seems to be related closely to the climatic and sedimentation 
conditions which prevailed during late Harrison time. A correct 

' The original spelling of this word by E. H. Barbour (1892) was ‘‘Daimonelix,” 
which he altered a little later to the familiar “‘Daemonelix,” as used herein. The latter 
spelling has come into such general and accepted use that it is believed unwise to revert 
to the original form. Since the word is no longer regarded as a proper generic term, 


as later indicated in this paper, it will not be italicized. 
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understanding of the paleoecology of that time may hinge on the 
origin of the Daemonelix. 

The Harrison formation is the uppermost of three formations 
(Gering, Monroe Creek, and Harrison) which make up the Arikaree 
group within the Miocene series in Nebraska. The Harrison forma- 
tion formerly was known as the ‘‘Lower” Harrison, but it has been 
redefined? and is now understood in the sense in which it was origi- 
nally defined by J. B. Hatcher.’ The age of the Harrison is regarded 
by the writer as late Middle Miocene.‘ The ‘““Daemonelix beds” form 
the upper part of the formation, averaging about 100 feet in thick- 
ness and occurring mainly in central and northern Sioux County, 
Nebraska. 

DAEMONELIX STRUCTURES 

The Daemonelix or ‘“Devil’s Corkscrews,” first described by 
E. H. Barbour in Science, February 19, 1892, are apparently re- 
stricted to the upper half of the Harrison formation. They are com- 
posed mainly of hard, cemented sand and silt which have somehow 
replaced an original vegetal structure or filled a rodent burrow hav- 
ing this most unusual form, according to whichever theory of origin 
the reader prefers. Fossilized plant cells and microscopic vegetal 
structures, mainly silicified, have been observed in the Daemonelix. 
Rodent skeletons have been found completely enclosed in them. 
Considerable quantities of colloidal silica have been observed filling 
tubes and canals and occupying interstitial space within the struc- 
tures. Barbour states: ‘The walls of these stems, which are thick 
and fairly solid and a chalk-white color, encircle a core of sandstone, 
perforated more or less by ramifying tubes and tubules.’’s 

The individual “‘stem”’ of the true Daemonelix ranges from 2 or 3 
inches in diameter up to 8 or 10 inches in the larger specimens. The 

2A. L. Lugn, “The Nebraska State Geological Survey and the Valentine Problem,” 


Amer. Jour. Sci., Vol. XXXVI (1938), pp. 220-27; also “Classification of the Tertiary 
System in Nebraska,” Bull. Geol. Soc. Amer., Vol. L (1939), pp. 1245-76. 


3 “Origin of the Oligocene and Miocene Deposits of the Great Plains,” Proc. Amer. 
Phil. Soc., Vol. XLI (1902), pp. 113-31. 


4 Lugn, “Classification of the Tertiary ...., ” op. cit. 
5 “On a New Order of Gigantic Fossils,” Univ. Nebraska Studies, Vol. I, No. 4 (1892), 
PP. 301-35. 











Fic, 1.—Typical Daemonelix structures. Nebraska State Museum, Lincoln 
Nebraska. Photo by A. L. Lugn. 








Fic. 2.—Typical Daemonelix structures. Nebraska State Museum, Lincoln, 
Nebraska. Photo by A. L. Lugn. 
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stems are spirally coiled upward, the whorls turning either to the 
right or to the left, there seeming to be about an equal number 
spiraled each way. The diameter of the whorls or of the entire gross 





Fic. 3.—Peculiar wide-coiled Daemonelix structure with several broken branches 
around the uppermost whorl and one branch visible lower down; a rhizome structure 
extends to the upper right from the lower end of the coil. Nebraska State Museum 
Photo by A. L. Lugn. 


structure ranges from about 8 inches or less to 3 feet or more, and 
the whorls generally expand upward. They stand in a vertical 
position when undisturbed and their height of 6 or 8 feet probably 
represents but a part of the original height of the corkscrew. Many 
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of the Daemonelix are coiled about a definite, slender, vertical axis; 
but others are open coils without apparent axes. Possibly the uni- 
formity of the encoiled axial space indicates the former existence of 
some structure less preservable than the corkscrew itself. The ac- 





Fic. 4.—A typical slender Daemonelix coiled about an axis with a heavy rhizome 
structure leading down to the base from the upper left. Nebraska State Museum. 
Photo by A. L. Lugn. 


companying photographs (Figs. 1, 2, 3, and 4) illustrate the appear- 

ance of these strange structures better than words can depict. 
Many of the markings on excavated specimens of Daemonelix, 

now on display in the Nebraska State Museum, which may resemble 
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rodent claw marks, especially in some photographic illustrations, 
may be only tool and brush marks made in cleaning the corkscrews. 
Some of them, collected in 1891, have been much handled, set up 
for display several times, and cleaned on several occasions during 
the last fifty years. Real rodent claw marks also may be present, 
as will be suggested in the explanation which follows later. 

Barbour stated: 

As to numbers and distribution, the fossil corkscrews are scattered pretty 
evenly throughout these beds, and wherever fully exposed, it is plain they 
flourished in thickly crowded forests of vast extent. In one case six grew almost 
in contact; in another, ten were counted in a space eight yards long by two yards 
wide. Along the well-washed banks of a small draw, in a space about two hun 
dred by thirty feet, some forty large specimens were counted and ten dug out 


Barbour considered a number of possible modes of origin for 
these structures. He thought it “entirely untenable” that they 
could have been formed by mechanical means, by burrowing ani- 
mals, or by geysers or springs. ‘Neither are they accidents, mere 
freaks, or concretions.’’ He gave favorable consideration for a time 
to the idea that they might be sponges, but it is quite clear in all his 
papers that he favored from the first the idea that they had a vegeta! 
origin. 

Barbour came to be strongly convinced that 


all forms are constant in that they are made up of a tangle, or aggregate, or 
colony of plant filaments, which in section show an identical structure... 
simply an aggregation of individual plant fibres twisting to the right or to the 
left without reference to any discoverable law.? 


He did not think that “‘the whole fossil is one plant with bark, sap 
wood, and heart-wood, such as one finds in a modern vine coiled 
about some axis.’’ However, the preservation of structural minu 
tiae is so poor that this point can hardly be definitely determined, 
and it is the view of the writer that many, if not most, of the Dae- 
monelix structures were organized higher plants similar to the 
modern lianas of the tropical jungles. 


® bid., p. 10. 


i “History of the Discovery and Report of Progress in the Study of Daemonelix,”’ 
Univ. Nebraska Studies, Vol. I1, No. 2 (1897), pp. 81-124. 
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Barbour also states: 

rhe tubules and tubes of Daemonelix . ... are perfectly distinct as white, 
hollow tubules, scarcely a millimeter in diameter, branching and tangled to- 
gether like a bunch of tow. They constitute the visible part of all forms of the 
Daemonelix group. Each filamentary tubule is looked upon as the plant proper, 
while their aggregation into a particular form constitutes the several varieties 
described herein. .... 

Microscopic sections from these tubes reveal a cellular structure so unmis- 
takable, so defined and clean cut, as to be equalled only by a section from a 


living plant..... , 


In summing up, Barbour later says of the Daemonelix structures: 
“This much is known: that they are vegetable; that they are cellu- 
lar, and not vascular; that the body of the rhizome is occupied by 
them ..... ” Thus it would appear that Barbour visualized the 
Daemonelix made up of innumerable thin filaments and tiny stems 
growing together in great aggregate, ropy spirals, and not as single, 
highly organized plants or vines as we know them. His conception is 
understandable when it is remembered that Barbour believed that 
Harrison sedimentation took place in a large body of water, such asa 
fresh-water lake, and not subaerially as we now understand it to 
have occurred. That the filaments or “tubules and tubes’ were 
“cellular, and not vascular” is strongly contradicted by the figures 
and illustrations published by Barbour himself. Several of these 
illustrations show open tubes surrounded by cells, definitely or- 
ganized, it is true; but it is the writer’s belief that these structures 
represent parts of distinct vascular bundles from some well-organ- 
ized higher plant, which have resisted decomposition. 

Much of Barbour’s description of these structures is indefinite 
and in some respects contradictory; and one thing stands out quite 
clearly in all his papers on the subject, namely, that he, himself, 
had not formed a very definite idea of the exact nature of these 
strange “‘fossils.”” This militated against his explanation of their 
origin and left him more open to attack by the proponents of the 
burrow theory than would have been the case had he been able to 
make full and advantageous use of all the favorable evidence on his 
side of the question. 


‘ [hid. 
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Nevertheless, Barbour’ proposed to trace the phylogeny of Dae- 
monelix; and he suggested that, since the smallest stem and root- 
let fossilization—the ‘“‘Daemonelix fibres’—occur low in the zone 
and these seem to be succeeded by ‘‘Daemonelix cakes,” ‘‘Dae- 
monelix balls,” ‘Daemonelix cigars,’ “Daemonelix Irregular,” 
“Daemonelix Regular,’ and ‘‘Daemonelix layers” in order to the 
top of the formation, this represented an evolution of a group of 
organisms for which he had earlier proposed the family name ‘‘Dai- 
monelicidae” and assigned all forms to the genus Daimonelix (later 
changed to Daemonelix).'® It is true that the most perfectly formed, 
typical, large structures occur in the upper part of the Daemonelix 
beds of the Harrison formation; but that irregular forms and fibers, 


” ’ 


the stems and rootlets, the vegetal masses, etc.—are absent except 
in the lower beds is incorrect. They also occur more or less through 
out the formation. It seems most likely that many of these irregular 
forms had no kinship whatsoever with the true Daemonelix and 
that many different kinds of vegetation have been erroneously 
catalogued as Daemonelix. Also, it seems not unlikely that some of 
the more irregular forms like the “cakes” and “‘balls’” represent 
simply the fossilized dung of large mammals which undoubtedly 
roamed over the terrain during the drier times when the corkscrews 
were being buried, as will be noted later. 

N. H. Darton" accepted the plant theory but offered no evidence 
in favor of it or in opposition to any other theory. He simply stated: 
“It is believed that no one observing these fossils in the field would 
have any doubt as to their vegetal nature.’”’ This kind of statement 
is fairly typical of this controversy, which has been characterized by 
rather positive statements, co -incing enough to their authors but 
not impressive to the unbiased reader. 

O. A. Peterson” held to the burrow theory to explain the origin 
of these strange forms. He reported finding at one place six rodent 


9 “History of the Discovery ...., ” op. cit. 

10 “On a New Order...., ” op. cit. 

t “Geology and Water Resources of Nebraska West of the One Hundred and Third 
Meridian,” U.S. Geol. Surv. Prof. Paper 17 (1903), pp. 69. 

12 “Recent Observations upon Daemonelix,” Science, Vol. XX (new ser., 1904), 
PP. 344-45. 
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skeletons inside of Daemonelix structures in one day and others at 
other locations at other times. In one case he states that a skeleton 
was found in the rhizome of the Daemonelix with the head toward 
the ‘‘exit”—the spiral part of the structure—“‘when it was over- 
taken by some accident and died.” It seems evident from Peter- 
son’s papers on the subject that the finding of fossil rodent bones 
inside these structures ipso facto established in his mind proof of the 
burrow theory of their origin, although he recognized that plant 
remains had also been found within them. He’ gave much weight 
to the fact that the fossil rodent renvains found in these structures 
“are of the proper size in comparison with the average size of 
Daemonelix.”’ This might be expected in any circumstance, since 
no rodent will willingly squeeze himself into an undersized burrow, 
nor does any burrowing animal choose to live in oversized living 
quarters—a trait acquired through generations of economical bur- 
rowing habits. Peterson also notes that the small, irregular, so- 
called ‘“‘Daemonelix” “cannot properly be classified with the typical 
Daemonelix.”’ This, no doubt, is a correct observation, but it and 
also the size of the rodent remains have no important bearing on the 
question of whether the ‘‘typical Daemonelix”’ are rodent burrows 
or have some other origin. 

C. B. Schultz" is in agreement with the view that all Barbour’s 
Daemonelices are not correctly classified as such; and he indicates 
strong conviction that many of these forms are vegetal and that the 
term should be applied only to the “large coiled forms,” which he is 
inclined to regard as rodent burrows—and such they might well 
have been sometime during their history, as will be indicated. 

E. S. Riggs," in an abstract of a paper presented before the Ameri- 
can Society of Vertebrate Paleontologists, concluded that at some 
stage of their formation these spirals had been open holes, although 


3 “Description of New Rodents and Discussion of the Origin of Daemonelix,”’ 
Carnegie Mus. Mem., Vol. II (1905), pp. 139-202. 

‘4 “Oreodonts from the Marsland and Sheep Creek Formations, with Notes on the 
Miocene Stratigraphy of Nebraska” (unpublished thesis, University of Nebraska 
Library, 1941). 

“Loup Fork Beds of Eastern Wyoming (abstr. rep.), Science, Vol. XXIX, No. 735 
(new ser., 1909), p. 196. 
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their mode of origin was still obscure. He also stated: “In connec- 
tion with a possible vegetable origin, attention was drawn to the 
spirally coiled lianas common in tropical forests. These, if buried in 
sand, might decay and leave an open hole.” It seems most un- 
fortunate that this significant lead did not at that time result in a 
more adequate and correct understanding of these odd fossils. 

H. E. and A. E. Wood" have reviewed the Daemonelix problem 
in some detail. It is apparent, however, that they gave little cre- 
dence to a vegetal origin and strongly favored the burrow theory. 
They state: ‘‘.... It is fairly certain that the burrow hypothesis is 
the more widely accepted one.” This is easily understood since it 
seems apparent to the writer that the structures which they de- 
scribed and illustrated from Rock Creek Draw in Briscoe County, 
Texas, quite certainly are true rodent burrows, in no way compa 
rable to the Harrison Daemonelices of Nebraska. 

The writer has encountered fossil rodent burrows of many kinds 
filled with silty clay or volcanic ash in the Pleistocene formations 
(sands and gravels) of Nebraska and other regions and in the Ogal- 
lala beds. Such fossilized rodent burrows, filled with somewhat in- 
durated volcanic ash, in the Ogallala (“Loup Fork”) of Sheridan 
County, Nebraska, are illustrated in Figures 5 and 6. The writer 
has experienced no difficulty in distinguishing fossil rodent burrows 
of this kind from the true Daemonelix found only in the upper part 
of the Harrison formation. He has felt no inclination to attempt to 
classify the two kinds of structures together. They are so evidently 
different that one thoroughly familiar with both in the field will not 
even fancy that they might have had a common mode of origin 
Furthermore, all the burrow forms of Daemonelix reported by any- 
one or seen by the writer are of the irregular type, and most of them 
do not even closely resemble the true Harrison Daemonelix. Only 
the rodent burrow reported and illustrated by Schultz‘? closely 
resembles the true Harrison form. He presents some new but in 
conclusive evidence ‘‘pointing to the rodent-burrow origin of the 
Daimonelix.”’ 

‘6 “T)aemonhelix in the Pleistocene of Texas,” Jour. Geol., Vol. XLI (1933), pp 
824-33. 

17 Op. cit. 




















Fic. 5.—Some typical “fossilized” rodent burrows in the Ogallala beds of Sheridan 
County, Nebraska. These burrows extend downward from the contact at the base of 
the bed of volcanic ash across the top of the picture. They are filled with slightly 
hardened ash. Photo by A. L. Lugn. 





1G. 6.—Fossilized rodent burrow in the Ogallala beds of Sheridan County, Nebras- 
ka; observed near those pictured in Fig. 5, also filled with volcanic ash. Photo by A. L. 
Lugn. 







































684 A. L. LUGN 


ORIGIN OF DAEMONELIX 


Thus far little effort has been made to harmonize the two opposing 
theories of the origin of Daemonelix. The proponents of the burrow 
and the plant theories have each been fully satisfied with their own 
evidence and conclusions and have been satisfied to meet the argu- 
ments of the other group with more or less categorical denials. Any 
satisfactory theory to explain the Daemonelix must account for the 
very impressive plant and vine resemblances of these structures, 
the perfectly fossilized plant cells and other minute structures pre 
served in them, and also for the rodent remains found in so many 
of them. 

BEAVERS 

One genus of beaver, Paleocastor—the Harrison beaver—is 
associated with the Daemonelix beds. However, Barbour'® pointed 
out that bones of other animals, which could in no way be considered 
responsible for the Daemonelix structures, had been found in them 
or more or less enclosed by them, as if the vegetal growth had en- 
croached on and surrounded the skeletal parts during or after burial 

By those who adhere to the burrow theory beavers are now held 
primarily responsible for the Daemonelix structures. Beavers in 
Nebraska are known at least from Brule (Oligocene) time to the 
present, and yet only during the later part of Harrison time do they 
appear to have made and occupied, if actually they did, these un- 
usual ‘‘Daemonelix”’ burrows. There are no known true Daemonelix 
structures in the Pliocene, Pleistocene, or Recent deposits. The 
fact that a single modern rodent burrow has been found that some- 
what closely resembled Daemonelix when filled with plaster and the 
plaster then excavated may represent only an erraticism. Peterson’’ 
also made much of the form of two modern prairie-dog burrows 
which his party filled with plaster and then excavated. The two 
casts which he illustrates appear to the writer to lack any resem- 
blance to true Daemonelix structures. 

The fact that Daemonelix is restricted to a limited stratigraphic 
range within only a part of a single geologic formation seems to the 
writer strong evidence against the burrow theory. If the beavers 


8 “History of the Discovery .... ,”’ op. cit. 


19 “T)escription of New Rodents...., ” op. cit., pp. 188-89. 
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rather suddenly acquired the habit of constructing Daemonelix 
burrows, which are plentiful and occur only in the upper part of the 
Harrison formation, it seems odd indeed that, since beavers con- 
tinued to thrive through later ages, they should have lost or aban- 
doned suddenly the habit of constructing Daemonelix burrows at a 
geological contact—the top of the Harrison formation. On the other 
hand, the disappearance of a specific and unusual plant form would 
not be at all strange with the advent of changed environmental 
conditions. 
LIANAS 

M. K. Elias, while viewing the Daemonelix display in the Ne- 
braska State Museum, remarked to the writer on the very close 
similarity of these structures to the lianas of the Colombian jungles 
of South America. He had been impressed by the size and climbing 
characteristics of these huge vines while engaged in oil-geology ex- 
ploration in Colombia a few months before seeing the Daemonelix 
display. He commented to the effect that the lianas were almost 
exact duplicates of the Daemonelix in size and range of size, in being 
coiled right-handed or left-handed, in the perfection of the coils, and 
even in the close similarity of peculiar offshoot structures that have 
rhizome”’ structures. Elias indicated his general 
belief that the Daemonelix had been liana-like vegetal forms which 
had become buried in the Harrison sands. This is much the same 


“ec 


been referred to as 


suggestion as that made by Riggs” some years before. 

A liana, according to the New Standard Dictionary, is “any one 
of the various twining or climbing plants of a tropical forest, having 
usually woody, rope-like stems, and climbing the highest trees or 
running great distances along the ground.” According to the Ency- 
clopaedia Britannica: 

Lianes or Lianas, a term applied originally to the climbing plants—often of 
great size and with massive stems—of tropical forests. Schimper extended the 
term to include all climbing plants .... The term is still, however, mainly used 
in its restricted sense and applied to tropical climbers... . . Climbing plants 
reach their extreme development in the rain forests of the tropics where the high 
temperature and the high saturation of the air are eminently suitable for rapid 
growth. Furthermore, the shade in these forests is very great and climbing on 
tree trunks is the most economical way of reaching the light above the forest 


Op. cit. 
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canopy. It is thus not surprising to find that tropical climbers are very numer- 
ous; the number has been estimated at 2,000 or more. Certain botanical fami- 
lies, as Leguminosae, Bignoniaceae, Malpighiaceae, Menispermaceae and Sapin- 
daceae, are peculiarly rich in species which are climbers. 

The behavior of tropical climbers is well described by A. R. Wallace in his 
Tropical Nature.* “Next to the trees themselves the most conspicuous and re 
markable feature of the tropical forests is the profusion of woody creepers and 
climbers that everywhere meets the eye. They twist around the slender stems, 
they drop down pendent from the branches, they stretch tightly from tree to 
tree, they hang looped in huge festoons from bough to bough, they twist in 
great serpentine coils or lie entangled in masses on the ground. Some are slender, 
smooth, and root-like; others are rugged or knotted; often they twine in veritable 
cables; some are flat like ribbons, others are curiously waved and indented. ... . 
They pass overhead from tree to tree, they stretch in tight cordage like the rig 
ging of a ship from the top of one tree to the base of another, and the upper 
regions of the forest often seem full of them. ... . In the shade of the forest they 
rarely or never flower, and seldom even produce foliage, but when they have 
reached the summit of the trees that support them they expand under the genial 
influence of light and air, and often cover the forest parent with blossoms not 
its own.” 

These lianes usually have thick woody stems and as the stems wind round 
their supports they also twist on their own axes. Associated with this we find 
that secondary thickening of the wood frequently occurs in an anomalous way. 
Instead of a single ring of cambium developing a continuous cylinder of second 
ary wood we have irregular layers of cambium developing irregular masses of 
wood. The stem may be flattened with bands of wood in the form of arcs of a 
circle or the stem may be composed of a number of rounded strands of wood 
Climbers generally, owing to the narrowness of the cross section of the stem 
compared with its length, have large and wide wood vessels to facilitate water 
transport. This reaches its height in the lianes of the tropics, which show in 
their wood the largest vessels known. Calamus (the rattan) and Desmoncus 
among the palms are typical tropical ramblers or scramblers. Their stems are 
usually thin and reed-like but the leaves possess spines. These spines act like 
the smaller hooks and hold the stem in position among the surrounding plants 
The stem of Calamus may reach the enormous length of 600 feet and the plants 
are a serious bar to progress in a tropical forest.” 

At another place the Britannica (p. 881) in describing the Le 
guminosae states: ‘‘Woody climbers (lianes) are represented by 
species of Bauhinia (Caesalpinioideae), which with their curiously 
flattened, twisted stems are characteristic features of the tropical 

21 Tropical Nature (ist ed., 1878); or Natural Selection and Tropical Nature (ed. of 
1891 and reprint of 1895 [London and New York: Macmillan Co.]), pp. 246-48. 


2 Vol. XIII (14th ed., 1929), p. 993. 
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forest, and Entada scandens (Mimosoideae) also common in the 
tropics.” It is evident from the above quotations that the lianes or 
lianas encompass several plant families, many genera, and almost 
innumerable species, all of which have acquired great similarity of 
gross structure and habits by adaptation to a common environment. 

C. J. Hylander*’ has described and illustrated an unusual North 
American liana or liana-like tree, the Strangler fig (Ficus aurea), 
which is suggestive of Daemonelix. He states: 

The Strangler fig (Ficus aurea), also called the ‘‘Golden Fig,” is a plant with 
the peculiar habit of beginning its existence as an epiphyte on some other tree, 
often on a palm. As the fig grows, it sends down snake-like strangling roots 
which in time completely encircle the host, and become rooted in the ground; 
the vine then becomes a real tree. This fig often grows higher than its host; and 
after the inevitable death of the latter, the giant climber may remain as a spiral 
growth around a hollow cylinder. 

Thus the absence of a fossilized, woody support for some of the 
Daemonelices would be readily explained were they developed by 
the Strangler fig or some other tree of the same genus or at least of 
the same habits. The strangling figs are native to the subtropical tip 
of Florida, and the writer has found no reasons why they cannot be 
regarded as true lianas, and such they will be considered in this paper. 

[he illustrations published by Barbour*s of internal, microscopic 
structures, revealing woody tissue, fibers, and tubes and tubules 
fossilized in the Daemonelix, afford very convincing evidence of the 
close similarity between the ancient Daemonelix and the modern 
lianas. Furthermore, it seems to the writer that the term ““Daemone- 
lix,” instead of representing only a single genus of some supposedly 
vegetal form, in reality may represent, like the term “‘liana,” a large 
group of plants containing many genera. The variously shaped and 
twisted Daemonelix described by Barbour through the widest range 
of sizes can be perfectly duplicated, it seems, in the lianas of the 
modern tropical forest or the Strangler fig of Florida. The ‘twin 
screw” form of Daemonelix noted by Barbour*’ apparently might 

The World of Plant Life (New York: Macmillan Co. 1939), pp. 194-97; also 
C. S. Gager, General Botany (Philadelphia: P. Blakiston’s Son & Co., 1926), pp. 
200-8, 576-78; and Ernst A. Bessey, “The Florida Strangling Figs,” Missouri Bot. 
Gard. Ann. Rept., Vol. XTX (1908), pp. 25-33 and 9 pls. 

‘History of the Discovery ....,” op. cit., and other papers by Barbour. 

Ibid., p. 28. 
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find a counterpart in the modern liana, as would also the ‘‘Daemo- 
nelix bispiralis,’’*® but what rodent would or could make a bispiralis 
burrow or even one to fit the D. carinata?’ form? The Daemonelices 
which are coiled about an axis, as so many are, can hardly be ex- 
plained by the burrow theory, but this form would be most natural 
if the Daemonelix was a liana type of plant. 

If this be the true explanation of the Daemonelix, it would det 
nitely indicate a tropical or subtropical swamp during late Harrison 
time throughout the area occupied by these structures. The dis- 
appearance of the Daemonelix at the end of Harrison time could be 
the natural result of a suddenly changed environment. The swamps 


9926 


were drained, less humid and possibly semiarid conditions set in, and 
erosion began its work. The stratigraphic relations of overlying 
formations indicate that Harrison sedimentation was followed by 
valley dissection and extensive drainage development before the 
next cycle of sedimentation, the Hemingford,”* began. 


HARRISON SEDIMENTATION 

Harrison sedimentation is thought to have proceeded much as it 
had in previous Tertiary cycles. The streams deposited their burdens 
of sand and silt in the shallow channels and over the wide flood 
plains, even overtopping the insignificant divides between drainage 
systems. Much of the water that drained across the plains from the 
west, as well as the local precipitation, entered the permeable sands, 
and in general the water table probably stood at the surface or very 
close to it much or perhaps most of the time. Open ponds and 
shallow swamps may have been maintained in extensive areas, 
where the ground surface dropped below the static water table. This 
is believed to have been the case during the existence of the exten 
sive Daemonelix swamps. If the water table was at a high level 
humidity may have been high generally, and mesic conditions prob 
ably prevailed over large areas. 

The sedimentation conditions indicated above for Harrison time 
and the cyclical recurrences of humid and dry times throughout the 
Tertiary period are supported by stratigraphic and sedimentation 
evidence in the field. The channels of the streams, which accom 

26 Barbour “On a New Order ” op. cit.; see esp. p. 18 


27 [bid., p. 20 2* Lugn, “Classification of the Tertiary , op. cil 
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plished the aggradation of the Great Plains by depositing the sedi- 
mentary wash from the rising Rocky Mountains, are from ro to 50 
and even more feet deep and 100-300 or more feet wide and, further- 
more, are filled with materials ranging in texture from coarse gravel 
to fine silt and clay. Such river channels are comparable to the 
channels of large modern rivers such as the Mississippi,?? which 
carries and handles similar materials on relatively low gradients 
for example, 6 inches per mile between Davenport, lowa, and Cairo, 
[llinois. 

The Tertiary rivers, if we may judge from stratigraphic field 
evidence, were overloaded permanent streams discharging moder- 
ately large volumes of water across the plains on moderate gradients, 
which the writer suggests ranged from 1 to perhaps 3 feet to the 
mile. The previously deposited, highly permeable sediment had to 
be saturated with ground water nearly to the surface throughout 
the extensive areas of deposition in order to prevent the complete 
infiltration of the water and to maintain surface flows in the channels 
and the transportation of debris. 

lhe drier parts of the sedimentary cycles, when the water table 
receded somewhat and sedimentation was temporarily halted, are 
generally indicated by well-defined zones of caliche cementation and 
the subsequent scouring of local channels into these hard zones when 
a surface flow again was resumed. 

Fossil seeds of grasses and herbaceous vegetation of several kinds, 
which occur in most of the late Tertiary formations of the High 
Plains, appear to provide reliable evidence on environmental con- 
ditions prevailing at the time of deposition of the beds containing 
the seeds. The fossil seeds of Tertiary times can be closely identi- 
fied with seeds of modern vegetation; and, in all zones where found, 
they indicate or suggest nearly the same environmental conditions 
of deposition as are suggested by stratigraphic and sedimentation 
data. There is a very high degree of correlation between these three 
kinds of evidence. 

While fossil seeds, except Celtis, have so far been found in the 
Harrison formation only in the uppermost layers above the Dae 
monelix zone, they are relatively abundant in most of the younger 


Lugn, “Sedimentation in the Mississippi River between Davenport, Iowa, and 
Cairo, Illinois,” Augustana Library Pub., No. XI (1927) 
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formations which have quite similar lithology. The close correlation 
in the Hemingford and Ogallala groups*® between the evidence of 
fossil plant ecology and sedimentation and stratigraphy suggests 
that an interpretation of late Harrison time may safely be based on 
the available lithologic data. No fossil seeds of grasses or of borages 
have been found in the Daemonelix beds, suggesting that conditions 
at that time were not favorable for the grasses and certain other 
herbs. This fact is further suggestive of the interpretation herein 
outlined. 

It seems likely that drier intervals, shorter perhaps than the more 
mesic times, alternated with the more humid ages while the upper 
100 feet or more—the Daemonelix beds—of the Harrison formation 
were being deposited. During the long dry spells, probably of many 
years’ duration, the water table presumably receded to moderate 
depths of perhaps 5-20 or more feet below the surface. Thus the 
porous sands above the ground water became dry and desiccated. 
The swamp vegetation died except in the very lowest places. Eolian 
activity could then increase and dry sand be blown over the land- 
scape to overcome further the swamp and forest vegetation. More 
humid times followed, the rivers flowed again to bring fresh sedi 
ments from the western highlands to complete the burial of earlier 
“tropical” forests, the ground-water level rose, and new swamps 
were initiated at new and slightly higher levels. 

THE GRAN CHACO 

It is not intended to imply that late Harrison conditions were 
comparable to those in the “tropical rain forests’ of today. But 
sedimentation and climatic conditions in parts of the High Plains 
of North America during late Harrison time, and perhaps at other 
ages during the Tertiary period, may have been somewhat similar 
to the environment in parts of the Gran Chaco region of South 
America at the present time. 

The Gran Chaco is flat and level, built up during comparatively 
recent geologic ages by accumulation of fluvial sediment from the 
Andes on the west. The eastward slope of the surface is slight, the 
rivers are large, sluggish, and choked with debris. They commonly 
flood very extensive areas during the rainy season. The valleys are 


3° Lugn, “‘Classification of the Tertiary ....,” op. cit. 
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shallow and swampy, with extensive forest cover near the water 
courses. The divide areas are level, dry to arid in the dry season, 
and more or less grass covered except where salt pans and swamps 
make this impossible. Extensive tracts of more or less open wood- 
land are intermingled with grassy plains, and in some places (in 
Bolivia) large areas of open country are subject to inundation during 
the rainy seasons. The network of streams from the mountains at 
the west does not reach far into the lowlands, and during the dry 
seasons, eolian activity materially assists in the transportation and 
distribution of alluvial materials. 

The water table remains more or less permanently at or near the 
surface in the swampy areas, such as the esteros, banados, and lagu- 
nas, and it inundates those areas and rises many feet generally during 
the rainy seasons. Near the Andes the rivers are eroding shallow 
valleys below the general level of the alluvial plain, but farther east 
they still are aggrading widely. Flood waters convert these areas 
into great lakes and completely obscure drainage lines. Some ex- 
tensive depressions are filled with water during flood times but are 
only baked mud flats in dry periods. Even during the driest times, 
when it may be 25-30 miles between water holes, the water table 
may be no more than 20-40 feet below the surface of the ground 
under the highest interstream or interbasin areas. 

The wide range of water-table fluctuation which appears to be 
characteristic for large areas of the Gran Chaco region is not con- 
ducive to the preservation of carbonaceous materials in the sedi- 
ments or even for the accumulation of humus in the soils. In view of 
the high porosity and great permeability of the Harrison sands, a 
similar widely fluctuating water table during that time would have 
prevented the preservation of humus or carbonaceous materials. 
Widely ranging local water-table levels during Harrison time prob- 
ably were under climatic control of a cyclic character involving 
periods of years, in much the same way as climatic cycles of shorter 
or longer duration are supposed to influence drought periods at 
present. The range of water-table fluctuation in Harrison time may 
have been as great as or greater than it is at present in the Gran 
Chaco region under seasonal control, but it need not have been 
larger to have accomplished the results believed to be evident in 
the Daemonelix beds. 
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PRESERVATION OF DAEMONELIX 

It is believed that conditions like these, with humid epochs alter- 
nating with times of desiccation, may have existed during the dep- 
osition of at least the upper half of the Harrison formation, which 
includes the Daemonelix beds. When the water table dropped below 
the surface and desiccation set in, the soft, pulpy, highly vascular 
swamp vegetation previously buried would rapidly rot away; but 
the enclosing sands under these conditions would harden somewhat 
with the precipitation of more or less of the previously dissolved 
mineral matter. Under such conditions the soft and rotted liana- 
like Daemonelix vines or ‘twisters’ would provide ready-made 
burrows for any rodent to occupy after digging out as much of the 
decayed corkscrew and rhizome structure as he desired for his a 
commodation. Thus rodents and other animals as well might have 
been buried in the Daemonelix burrows. With the return of more 
humid conditions and sedimentation, sand and silt filtered in to fill 
the liana-formed Daemonelix home of the humble Paleocastor. 

The silty sand constituting the Harrison formation, while still 
unconsolidated and soft enough for a rodent or beaver to burrow in 
to, could hardly have been sufficiently compact and solid to be 
structurally competent enough to permit an elaborate, closely coiled 
burrow, such as the Daemonelix, to be excavated without collapsing 
during the process of digging. However, if the matrix sand had 
opportunity to become somewhat consolidated around a complexly 
coiled plant structure, which might after decay be dug out as sug- 
gested, the resulting burrow might have remained open indefinitely. 

It may be suggested further, since it is the outer shell of the struc 
ture or burrow that is preserved and not any large amount of vege- 
tal tissue in any case, that the occupancy of these structures by 
burrowing creatures may have had much to do with their preserva- 
tion. After the opening of the burrow, evaporation of moisture 
would have tended to precipitate mineral matter and harden the 
wall. Furthermore, the excretions from the animals themselves, as 
suggested by Peterson,** perhaps would have contributed to this 
same end. Later, secondary cementation has in a majority of cases 
hardened the filling material until the Daemonelix replacing silty 
sand is now more resistant than the encircling matrix sand outside 


3 “Tyescription of New Rodents...., ” op. cit. 
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of the old outer wall, which explains the ‘“‘fossilized”’ condition of 
these structures. 

The explanation for the small remnants and disintegrated con- 
dition of fossilized vegetal material becomes apparent when it is 
realized that most of the wood had rotted away before the rodent 
found it advantageous to dig out most of the remainder and make 
his home in the space it had occupied. The modest height of most 
of the corkscrews found standing probably represents the amount 
of sedimentation before the Daemonelix had opportunity to dis- 
integrate completely. Presumably countless numbers of these an- 
cient climbers decomposed completely without leaving any vestige 
to be buried by new floods of sediment. 

A partially unanswered question is what became of the tree 
trunks or stumps which probably supported the liana-like growths, 
if that is the origin of the Daemonelix. No such supports have en- 
dured. The writer has no satisfactory explanation to offer, unless, 
as already noted, the plants responsible for these structures were in 
part Strangling figs or trees of similar habits. The Strangling fig 
(F. aurea) is enabled to continue an independent existence long 
alter its supporting host has died and rotted away, leaving the giant 
climber as a thick spiral growth encoiled around a hollow cylinder. 
Some of the Daemonelix coils are wide enough to have surrounded 
some slender supporting structure, and many of them in their pres- 
ent condition appear to be coiled around a definite axis (see Figs. 3 
and 4). It may be suggested without apparent possibility of proof 
that some of these twisters may have had support external to the 
spiral, in which cases the spirals are closely coiled. Some modern 
lianas are said to be provided with leaf spines or hooks which ‘“‘hold 
the stem in position among the surrounding plants.” 

Fossilized wood is known from a number of horizons within the 
Tertiary of Nebraska and from many localities in the state; but 
fossilized wood, at least to the writer’s knowledge, has not been 
found within the Daemonelix zone. If the woody tissues of the 
Daemonelix “‘lianas’’ were not preserved to any greater degree than 
they are known to be, it is not likely that other wood could have 
been better preserved. Furthermore, if the Daemonelix “‘lianas”’ 


Hylander, op. cit. 
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had a life-history very much like that of the Strangling figs of 
Florida, the absence of fossilized, woody axial supports for these 
corkscrews is adequately accounted for. 


HARRISON ECOLOGY 

The ecological implications for late Harrison time in this paper 
may seem somewhat revolutionary compared to the highly general- 
ized ecology heretofore accepted. It has quite generally been as- 
sumed that this was a time of widespread grassy plains with a 
fauna of largely grazing animals. In a very broad, general way this 
may be correct for the Great Plains as a whole, but for the local, 
more restricted late Harrison environment, xeric conditions quite 
likely alternated with mesic conditions. During the dry times the 
grazing animals and the burrowers may have occupied the locale of 
the Daemonelix; but during the wet intervals, when swamps and 
bodies of standing water were extensive over the alluvial plain, the 
Daemonelix environment would have been preferred by browsing 
animals. While paleontological evidence is not conclusively favor- 
able to this view, it seems not unfavorable to such an interpreta- 
tion. 

It may not be too radical an assumption to believe that some of 
the animal races of Harrison time, which on the basis of dental and 
pedal anatomical characteristics stand somewhere between browsers 
and grazers, perhaps were adaptable to both types of habitat and 
that these races survived for many generations. However, in 
general, except along the valleys and channels, the browsing types 
gradually gave way to the grazing forms. 

Careful study of these problems is now under way by several 
persons interested in correlating the evidence of fossil-seed and 
animal ecology with sedimentation and stratigraphy, and any fur 
ther statement of conclusions would be premature at this time. 
However, it is now evident that most reported faunas not only from 
the Harrison formation but from nearly all Great Plains Tertiary 
formations and zones are unfortunately mixed and generalized, too 
little care having been exercised by collectors in the field to dif 
ferentiate and segregate geographically and stratigraphically the 
groupings of grazing animals from local faunas of browsers or semi 
browsers, which lived for the most part in the valleys and in local 
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mesic areas. That these two kinds of environments with different 
animal assemblages existed contemporaneously and close together 
can no longer be doubted. 


CLIMATIC IMPLICATIONS 

More complete reports on Tertiary environments in Nebraska and 
adjoining areas are in preparation by Elias and the writer** and by 
others. A brief statement of the climatic implications for the High 
Plains Tertiary (Oligocene to Pliocene) based on detailed studies of 
the sedimentation, fossil seeds, and animal faunas by M. K. Elias, 
C. B. Schultz, T. M. Stout, and the writer during the last ten or 
twelve years will be included here for their bearing on the problem 
in hand. They must, however, be considered highly tentative and 
subject to modification. 

Oligocene climate (White River) appears to have been warm and, 
except in the major valleys, dry at first, more humid at the close of 
Chadron time, and then dry to more or less arid during much of 
Brule time, but with intervals of greater humidity (the ‘‘nodular” 
zones) and in general a high water table but dry atmosphere. 

Arikaree time (Miocene-Gering, Monroe Creek, and Harrison 
formations) began dry, except in the major valleys, appears to have 
become more humid with a relatively high water table during the 
Monroe Creek and Harrison ages, to at least locally mesic with ex- 
tensive swamps in late Harrison time (the Daemonelix beds). The 
Gering valley plains were mesic, but the contemporary interstream 
areas may have been dry to actually arid. It is thought that the 
atmosphere may have been very dry during much or even most of 
Monroe Creek and early Harrison times, which with a high water 
table resulted in caliche development on an extensive scale. 

rhis seemingly anomalous condition was possible because the 
water which filled the sediments to a high level, as already explained, 
had drained from the well-watered, mountainous region to the west, 
and it was more or less widely dissipated from the channels of the 

M. K. Elias and A. L. Lugn, ‘Late Tertiary Environment in a Portion of the 
High Plains, Bull. Geol. Soc. Amer., Vol. L (1939), pp. 1907-8; M. K. Elias, ““Trend of 
Changes in the Late Tertiary Prairie,” Bull. Geol. Soc. Amer., Vol. LI (1940), p. 1925; 
and A. L. Lugn, “Tertiary and Pleistocene Sedimentation in Relation to the Pliocene- 
‘leistocene Boundary in the Great Plains,” Bull. Geol. Soc. Amer., Vol. LI (1940), 
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aggrading streams to ground storage in the permeable sands and 
silts of the earlier deposits over the plains. Semiarid to arid at- 
mospheric conditions could have prevailed, and probably did pre- 
vail, over the plains east of the mountains then as now. 

The temperature during Arikaree and Hemingford time (Miocene 
may have begun warm or even tropical and have become subtropical 
or at least cooler toward the end of the epoch. Hemingford time 
(Marsland and Sheep Creek formations) appears to have been rela 
tively dry at the beginning and more mesic at the end, in most 
particulars similar to the earlier and longer Monroe Creek—Harrison 
interval. 

The Pliocene epoch (Ogallala group) appears to have had moder- 
ate temperatures, becoming colder toward the end. It began dry, 
except along the main valleys, became more mesic with a widespread, 
shallow water table (caliche zones), and at the end was very mesi 
and humid with widespread ponds and lakes in which fresh-wate: 
algal limestone was formed (Kimball formation), throughout the 
High Plains from Nebraska to Texas. 





CONCLUSIONS 

The fluviatile environment believed to have existed during the 
deposition of the upper part of the Harrison formation and the de 
velopment of the Daemonelices has been described in some detail 
A close correlation exists between the three kinds of evidence sup 
plied by stratigraphy, sedimentation, and the ecology of fossil 
grasses and herbs (fossil seeds) in evaluating the environment of 
Harrison time, as well as for other Tertiary ages. 

It is thought that the interpretation of the environment of late 
Harrison time outlined in this paper may help to account for the 
origin of the Daemonelix structures, that it demonstrates the pos 
sible vegetal nature of these strange fossils, provides an adequate 
explanation for the rodent skeletons present in many of them, and to 
some extent harmonizes the two principal theories of their origin. 
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EVOLUTION OF THE CENTRAL TEXAS 
GRANITES 
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ABSTRACT 


[his paper presents chemical and petrographic data for certain granitic rocks in the 

o uplift region of central Texas. The samples include five granites, a granite- 
porphyry dike rock, and an aplite. The chemical and petrographic characters of these 
rocks suggest close relationship, and the variation of the oxides with silica content 

7 per cent) is shown in the usual variation diagram. It is possible that the granites 
ere evolved by the fractionation of one or more related or chemically analogous liquids. 
mechanism favored to explain the origin of the granites is a process similar to 
‘‘filter-pressing”’ acting in late stages of the fractional crystallization of the magma. The 
escape of the hyperfusibles which are concentrated in the residual alkalic liquids in the 

stages of crystallization may have been effective in initiating the filter-pressing 
mechanism. This process is considered to be competent to explain the chemical and 
textural characteristics of the central Texas granites. 


INTRODUCTION 

lhe Llano region of central Texas, commonly referred to as the 
“Llano uplift” and as the “Central Mineral region,” comprises all 
of Llano County and parts of Burnet, Blanco, Gillespie, Mason, 
McCulloch, San Saba, and Lampasas counties. The Cretaceous cap 
of this region has been breached and in large part removed by ero- 
sion exposing Lower Paleozoic sediments and a core of pre-Cambrian 
crystallines. This core is less resistant to erosion than the sediments 
flanking it, and, as a result, the Llano region is now topographically a 
basin. The oldest rocks of the core are a complicated group of meta- 
morphics into which have been intruded igneous rocks. These in- 
trusive rocks are predominantly granitic in composition and range 
from fine-grained to coarse granitoid rocks with many intermediate 
and porphyritic types. Their age relationships are poorly known. 
In mapping the granitic rocks of the Llano and Burnet quadrangles, 
Sidney Paige’ distinguished three textural varieties: a very coarse- 
grained granite, a medium- to fine-grained one, and a granite-por- 
phyry dike rock. Gradations in texture within a single mass are com- 
monly pronounced, and the distinction of granite types on the basis 

“Llano-Burnet, Texas,”’ U.S. Geol. Surv. Folio 183 (1912 
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of texture was found by Paige to be difficult and uncertain. H. B. 
Stenzel? has divided the granites of this region on the basis of their 
probable age relationships. According to Stenzel, at least three divi- 
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Fic. 1.—-Map of central Texas showing location of samples. The undifferentiated 
areas of sedimentary, igneous, and metamorphic rocks have been generalized from the 
geologic map of Texas, U.S. Geol. Surv. (1937), scale 1/500,000. The granite-porphyry 
dikes have been generalized from the geologic map of the Llano quadrangle, U.S. Geol 
Suv. Folio 183 (1912), scale 1/125,000. 


sions can be made in the larger intrusives, and the general order of 
development can be represented as follows: 


V. Opaline quartz-porphyry and late felsite dikes 
IV. Bear Mountain granite 
III. Sixmile granites 
II. Town Mountain granites 
I. Folded metamorphics 


2 “Pre-Cambrian of the Llano Uplift, Texas” (Abst.), Bull. Geol. Soc. Amer., Vol 
XLIII (1932), pp. 143-44; ““Pre-Cambrian Unconformities in the Llano Region,” Unit 
Tex. Bull. 3501 (1935), pp. 115-17; and “Pre-Cambrian Structural Conditions in the 
Llano Region,’ 
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in “The Geology of Texas,” Univ. Tex. Bull. 3401 (1934), pp. 74-79 
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This paper is concerned primarily with the petrography and chem- 

istry of certain granitic rocks in the Llano region. It seems likely 

that these rocks are closely related and that chemical and petro- 

graphic data might indicate the probable course of their evolution. 
TABLE 1 


MODES 


Town MOuNTAIN GRANITES | SIXMILE GRANITES 





I 2 3 4 4a 5 6 7 
Town Granite Bear 
Moun Petrick | Moun- a Baldwin Llanite Moun Petrick 
day Aplite 
tain tain tain 
Quartz 28.8 28.0 28.1 6.5 52.3 34.0 35.5 30.3 
Potash feldspar 19.0 30.0 32.3 31.7 28.2 41.1 25.1 24.0 
Plagioclase 36.1 32.0 32.3 34.1 33.4 14.6 38.1 44.0 
Biotiteand others} 16.1 10.0 7.3 7.9 6.1 9.73 1.3 “Pe 
\patite xX x x x xX x x 
Fluorite x x xX x x 
Hornblende x Xx x 
| Garnet x 
Magnetite a4 x x x x x x 4 
Rare-earth x x x x x 
Sphene 4 xX x xX x ? 
Zircon x x x xX x x x 
Carbonate x x x x x x | xX x 
Chiorite x x x x xX | = xX 
Epidote x x x 
Leucoxene x x 
Pyrite x x Xx 
Secondary mica x x x x x x xX 
Limonite and 
hematite x x x x x x x 
Plagioclase An Anis An, An, An, Ang An, 
Johannsen sym 
bol 227P 2a7"P) | 207°P | 227°P | 227° | 226A 117°P | 117D 


* Analysts: 1, 4, 6, R. Howe; 2, 3, 4a, S. Goldich; 5, Iddings; 7, L. R. Krueger 


or this purpose representative samples were collected from one or 
more intrusives in each of Stenzel’s divisions. Locations of the sam- 
ples are shown in Figure 1. Modal analyses (percentages by volume) 
are shown in Table 1. These are averages of results obtained from 
eight to fifteen thin sections using the Wentworth integrating me- 
chanical stage. The chemical analyses (Table 2) represent large 
samples of chips taken from fresh material. 








SiO,. 
Al.O; nee 
FeO... eon 
FeO.. : 
MgO. 

CaO 

Na,O. 

K,0 

H,0+ 

H,0—- 

CO, 

TiO, 

P.O; 

MnO 

BaO 

F 


* 1-6, S. Goldich, analyst 


Town 


Mountain 


Quartz 22 
Orthoclase. ..| 30 
Albite 28 
Anorthite 8 
Corundum...| 1 
Hypersthene 6 
Magnetite ° 
Ilmenite I 
Apatite ° 
Calcite ° 
Fluorite 


Normative | 
plagioclase .| An 


Symbol. 


TABLE 2 
CHEMICAL ANALYSES* 
| 
I 2 3 4 5 | 6 7 
Town | Granite i | Bear 
, Cassa- . | Petrick 
Moun- | Petrick Moun- a Llanite | Moun- - 
; : day 2 Aplite 
tain tain | tain 
68.15 71.85 73.02 72.15 75.20 76.77 76.6 
15.15 | 13.09 13.55 14.24 12.27 13.22 13.31 
0.62 ©.57 °.53 °.84 0.63 O.32 ©.10 
3.29 2.74 e.82 1.74 1.39 °.36 ©.50 
@.77 | 0.25 o.16 0.64 0.27 0.16 0.05 
2.03 | 50 1.18 1.39 o.381 °.66 °. 5¢ 
3:44 | 3-47 3-55 3-73 3.05 3.80 4.6 
5.00 | 5.08 5.02 4-55 5.00 4.47 4.1 
°.38 | 0. 2: 0.18 ©.30 ©. 32 0.13 O.1 
0.03 0.05 0.06 ©.04 0.02 0.02 0.04 
0.038 0.08 0.05 0.06 0.10 ©O.12 0.03 
0.07 ©.44 ©.31 °.33 0.35 0.08 0.04 
0.23 0.14 °.08 0.08 °.06 0.02 tr. 
0.08 0.05 0.05 0.05 0.06 0.05 ° 
o.1! 0.09 0.05 0.05 0.04 tr. 0.01 
n.d. ©.12 ©.14 n.d. 0.25 0.06 O.1 
tr. 0.01 tr. tr. °.O1 tr tr. 
100 .0g 100.42 100.05 100.19 100 . 33 100.2 100. 34 
0.05 o.00 II 0.03 0.0 
100 Og 100. 37 090.909 100.19 100.22 100.21 100. 2 
og! 2.071 057 2.059 2.650 2.632 2.61 
7, B. D. Brundidge, analyst 
TABLE 3 
NORMS 
2 3 4 5 0 7 
Granite Cassa : Bear Petrick 
Petrick : Llanite , 
” Mountain day pepo Mountain Aplite 
14 27.24 29.70 28.71 35.70 36.12 32.87 
2 30.02 29.47 20.09 29 .47 20.09 24.40 
82 29.34 29.87 31.44 25.68 31.96 38.77 
34 0.07 4.73 0.13 2 2 2.22 3.22 
o2 °.01 0.92 1.12 1.22 °o.4! 
39 4.50 3.44 3-71 3.74 °.80 0.83 
93 0.54 ©o.70 1.16 © .93 °.40 0.23 
37 0.34 o.61 0.01 o.01 0.15 0.05 
54 0.34 ©.20 0.20 0.13 0.03 
20 0.20 °.10 0.14 0.20 °.30 0.07 
O.23 °.29 o.5!1 0.13 0.27 
™ Anis An; An;; Ang Ans An, 
~ ; = |—— = = 
7 a? 7 / 
2.3 | 1’’.4./"2.3/1."4.(1)2.3] 1.4.’ 2.3)1.3(4).1'".3 1.(3)4.1/7.3/1."4.1".(3)4 
| | 
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DESCRIPTION OF SAMPLES 
TOWN MOUNTAIN GRANITES 

Stenzel’ defined the granites of this division to include the coarse- 
grained to porphyritic granites ranging in color from a light pink to 
red. Some of the larger masses (Fig. 1) are the Wolf Mountain body 
north of the village of Llano, the Lone Grove body northwest of 
Buchanan Dam, the Granite Mountain body northwest of Marble 
Falls, and the Enchanted Rock body in southwestern Llano County 
extending into Mason and Gillespie counties. The coarse-grained 
granites in Blanco County, in southern Llano and northern Gillespie 
counties, the Katemcy body north of Mason, and a number of others 
can be placed tentatively in this division. David Keppel‘ studied the 
internal structural features of these bodies which he calls ‘‘massifs.”’ 
The typical massif is said to be composed of three textural varieties 
of granite arranged in a concentric pattern. The outer zone is coarse- 
grained granite passing into a zone of porphyritic coarse-grained 


granite. The core is medium-grained granite. This is also said to be 
the order of solidification, the outer zone being the oldest and the 
inner the youngest. A fourth textural variety, fine-grained granite, 
cuts all the others and represents the last igneous action. 

lhe Wolf Mountain, the Lone Grove, and the Granite Mountain 
bodies are represented in samples Nos. 1, 2, and 3, respectively. 
Keppel renamed the Lone Grove and Granite Mountain masses, 
calling them the ‘“‘Buchanan massif” and the ‘‘ Marble Falls massif.’ 
In the present discussion the samples are referred to by locality 
names indicating the place of sampling. 

GRANITE OF TOWN MOUNTAIN 

This granite was sampled just east of the highest point on Town 
Mountain 2 miles north of the village of Llano. Town Mountain is 
the southeastern end of an attenuated mass, about ten miles in 
length, which has been mapped structurally as a phacolith by Sten- 
zel.s Wolf Mountain is the northwestern end of this body and is the 

Ibid., p. 75. 

“Concentric Patterns in the Granites of the Llano-Burnet Region, Texas,” Bull. 
Geol. Soc. Amer., Vol. LI (1940), pp. 791-1000. 
“Structural Study of a Phacolith,” Rept. 16th Internat. Geol. Cong., Washington 
33), pp. 301-07. 
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name by which it is usually known. R. E. McAdams’ studied the ac- 
cessory minerals of this granite. The rock is porphyritic with a prom- 
inent primary flow structure. A pink cast is imparted to the light- 
gray stone by the flesh-colored feldspar phenocrysts which are con- 
tained in a coarse-grained groundmass of quartz, feldspar, and bio- 
tite. The phenocrysts are usually stubby and nearly equidimen- 
sional, averaging about half an inch across and attaining a maximum 
length of about 1 inch. 

Although this rock is referred to by its field name—granite—its 
composition is more nearly that of a quartz monzonite. In Albert 
Johannsen’s classification it is monzotonalite or granodiorite. Plagio- 
clase is more abundant than microcline and is oligoclase near ande- 
sine (An,;). There is some zoning of the larger crystals, and central 
portions are commonly andesine. The grains are commonly bent and 
deformed—a feature displayed also by the biotite—indicating move- 
ments in the late stages of consolidation, but there is little granula 
tion. Hornblende is not abundant and appears to be the ordinary 
green variety. Myrmekitic intergrowths of quartz and oligoclase are 
well developed. The microcline is perthitic with minor amounts of 
plagioclase in films and in small “‘veins.”” Magnetite, apatite, and 
sphene are the most abundant accessory minerals. Fluorite is not 
present. McAdams reports the presence of monazite from a few 
samples, but this mineral could not be identified positively in th 
thin sections studied. All grains tested exhibited strong axial dis 
persion (ry > v), suggesting sphene rather than monazite. 


GRANITE OF PETRICK QUARRY 
A coarse pink granite is being quarried by the Petrick Granit 
Company west of the Buchanan Dam on the Colorado River near 
the southern border of the Lone Grove body. The granite is com 
posed of microcline, oligoclase (An,s), quartz, and biotite with a 
small quantity of accessory minerals. Notable differences between 
this granite and that of Town Mountain are the larger amount of 
orthoclase and the presence of fluorite in the Petrick granite. The 
plagioclase is zoned, and myrmekite is developed. Pegmatite, aplite, 
¢“The Accessory Minerals of the Wolf Mountain Granite, Llano County, Texas 
Amer. Min., Vol. XXI (1936), pp : 
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and vein quartz appear to be related genetically to the granite and 
are well exposed in the quarry. The pegmatite consists of large 
crystals of microcline, some of which measure a foot or more across, 
intergrown with quartz. Biotite, fluorite, gadolinite, garnet, molyb- 
denite, and a few other minerals in lesser amounts occur in the peg- 
matite. The chemical analysis of this granite (Table 2, No. 2) is 
much like an analysis by F. A. Gonyer (Table 4, A). 


TABLE 4 


CHEMICAL ANALYSES OF THE TEXTURAL VARI- 
ETIES OF GRANITE IN THE 
*“BUCHANAN MASSIF’’* 


B—Inter- 
A—Outer , 
eet mediate C—Core 
Zone 
SiO, 72.20 68. 36 74.58 
ALO, 13.30 14.82 12.99 
Fe,0, 0.47 1.26 °.67 
FeO 3.28 2.99 1.24 
MgO ©.34 0.69 0.44 
CaO 1.10 1.52 0.51 
Na,O 3.58 3.88 3.78 
K,0 4.95 4.98 4.91 
H,0O+ ©.26 0.35 ©.42 
H,0 0.09 0.09 0.06 
Co, None None None 
TiO, 0.42 0.48 0.18 
P.O, 0.05 0.13 0.02 
MnO 0.07 0.03 0.02 
BaO 0.06 0.00 0.04 
SrO None None None 
S None 0.09 None 
Cl None 0.02 None 
Total 100.17 99.78 99.86 
*F. A. Gonyer, analyst Bull. Geol. S imer., Vol. LI 
19490), p. 9 
T GRANITE OF GRANITE MOUNTAIN 
lhe quarries of the Texas Granite Company are located in an ex- 
foliation dome about 2 miles northwest of the village of Marble Falls. 


lhis dome, an elongated mass with its longest dimension of about 
half a mile in a north-south direction, is known as Granite Mountain. 
lhe same granite is extensively developed to the west of this locality. 
[t is a coarse-grained porphyritic pink to red stone of slightly deeper 
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color than the Petrick granite. However, the two stones are re- 
markably similar in appearance. Phenocrysts are commonly of 
large size and may exceed 2 inches in length. They exhibit well- 
developed zones, and the common arrangement is a core of gray 
oligoclase surrounded by a more sodic pink plagioclase. The feldspar 
frequently contains an abundance of small, biotite inclusions. The 





Fic. 2.—Contact between fine-grained granite and metamorphics in the Sixmile dis 
trict. Photograph by C. L. Baker. 


average plagioclase is about An,,, and the similarity in mineral com 
position to that of the granite in the Petrick quarry can be seen in 
the modal analyses (Table 1). Pegmatite, aplite, and quartz veins 
are related to the granite. Microcline-perthite from a pegmatite at 
this locality has been described by the author and J. H. Kinser.’ 


SIXMILE GRANITES 
The Sixmile granites are typically gray and remarkably uniform 
in their fine-grained texture. They occur in small masses intruding 


7 “Perthite from Tory Hill, Ontario,” Amer. Min., Vol. XXIV (1939), p. 418. 
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the metamorphics and coarse-grained granites presumably of the 
Town Mountain division. A map showing the distribution of the 
Sixmile granites is not available, so that no attempt was made to 
differentiate the granites of the Town Mountain and Sixmile divi- 
sions in Figure 1. The Sixmile granites are well exposed southwest of 
Llano. Material for chemical analysis was obtained from the quar- 





Fic. 3.—Myrmekitic intergrowth of quartz and oligoclase, Cassaday granite. 
Crossed nicols. X 8o. 


ries of the Cassaday Granite Company, about 6.5 miles southwest of 
Llano. In a small quarry about half a mile east of the Cassaday 
property, the intrusive relationships of the Sixmile granite with a 
coarse-grained porphyritic granite are clearly exposed. About 8 
miles to the southwest of these quarries the contact between the 
granite and the overlying schist is sharp and transgressive (Fig. 2). 

The essential minerals in the Sixmile granites are quartz, oligo- 
clase (An,;), microcline, and biotite. The plagioclase is zoned, and 
the centers show more alteration to sericite than do the margins. 
Myrmekite is well developed, frequently in the outer zones of the 
larger plagioclase crystals (Fig. 3). Accessory minerals are magne- 
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tite, apatite, sphene, zircon, and a rare-earth mineral. Fluorite was 
not observed. Pegmatite dikes in the granite contain small quanti- 
ties of a rare-earth mineral, molybdenite, garnet, and other minerals. 
In general, the mineralogy of the Sixmile granites is much like that 
of the Town Mountain granites, and the chief differences are in color 
and in texture. 
BEAR MOUNTAIN GRANITE 

Bear Mountain, situated 4 miles north of Fredericksburg in Gil- 
lespie County, is a granite knob completely surrounded by Creta- 
ceous strata. In a north-south direction the mass is a little over half 
a mile in length, and in an east-west direction about one-fourth mile. 
The granite is deeply weathered along joints, and the knob is largely 
a mass of enormous boulders. However, considerable fine stone of 
large dimension has been taken from a quarry on the south side of the 
hill. The fresh rock is a meditm-grained dark-red granite. The mi- 
croscopic texture is seriate porphyritic with large crystals of quartz 
and red feldspar contained in a fine-granular, gray groundmass of 
quartz and feldspar highly suggestive of an aplitic texture. Late 
movements in the crystallizing magma probably were instrumental 
in the bending and breaking of some of the larger crystals. Frac- 
tures in these grains are healed with granular quartz and feldspar. 
The plagioclase is zoned, and myrmekite is developed in the outer 
zones. Central portions are as calcic as An,,, but the average is about 
Ang. Quartz and microcline follow plagioclase in order of abundance. 
Accessory minerals, including biotite, magnetite, zircon, apatite, 
fluorite, and garnet, make up less than 2 per cent of the rock, a leuco- 
sodaclase-adamellite in Johannsen’s system. 


LLANITE (GRANITE PORPHYRY) 

In Stenzel’s classification the youngest igneous rocks in the Llano 
region are dike rocks including an opaline quartz-porphyry, so 
named because of the bluish opalescent quartz phenocrysts con- 
tained together with red feldspar phenocrysts in a dense reddish- 
brown groundmass. Paige mapped this rock in a group of dikes 
north and east of Llano (Fig. 1). The general pattern of the out- 
crops resembles a crude hook, and apparently there is some struc- 
tural control for this configuration. The dike is well exposed in a 











gneiss. Apparently the dike had been intruded along the 


to the east the strike is roughly N. 70° E., parallel to the 


of 3 miles, the outcrop is continuous and can be traced easily 
the greater resistance of the granite porphyry to erosion cau 


the dike swings to the south and to the southwest back to 


3 miles northeast of Llano, 9 miles south of Wilberns Glen. 


which accompany them.’’? This relationship was not seen 
writer. 
The petrography of the granite porphyry was described 


are particularly abundant in the central portions of the grai 
feldspar phenocrysts attain 10 mm. in length and are anorth¢ 


quartz and alkalic feldspar ranging from 0.01 to 0.1 mm in 
addition to these minerals, Iddings estimated biotite 8.6 p 
fluorite 1 per cent, and apatite 0.13 per cent. Normative 


’ “Pre-Cambrian Structural .... ,” op. cit., p. 79. 
» Op. cit., p. 38. 
“Quartz-Feldspar-Porphyry from Llano, Texas,” Jour. Geol., Vol. X 


pp. 225-31. 
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road-cut north of Babyhead, where the contact on the north is with 
a coarse-grained biotite schist and on the south with a fine-grained 


contact 


between schist and gneiss. The strike at this point is N. 30° E., but 


regional 


structure in the gneiss between Babyhead and Wilberns Glen in the 
valley of the Little Llano River. Between these places, a distance 


because 
ses it to 


protrude as a ridge above the gneiss country rock. At Wilberns Glen 


a point 


almost due south of Babyhead. From this point disconnected out- 
crops lie in a prominent north-south fracture system according to 
Stenzel.* The dike can be traced in these outcrops to a point about 


Paige’s 


map shows the dike cutting a small mass of granite in Wilberns Glen, 
and he states that it cuts “‘both the schists and the intrusive granites 


by the 


in some 


detail by J. P. Iddings,’® who suggested the name “‘llanite.”’ The 
unusual sky-blue milky appearance of the quartz phenocrysts is said 
to be due chiefly to reflections from minute colorless inclusions which 


ns. The 


clase or 


soda microcline as is suggested by the delicately developed “‘gridiron”’ 
twinning. The groundmass is holocrystalline and is composed of 


size. In 
er cent, 
fluorite 


is 0.51 per cent. Iddings’ modal composition is given in Table 1, 
and the chemical composition calculated from the mode is given in 
Table 5 together with actual analyses. The agreement between cal- 


II (1904), 
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culated and determined chemical composition is remarkably close. 
Both old and new chemical analyses give the same C.I.P.W. symbol 
(I.3[4].1.’’3). 
TABLE 5 
CALCULATED AND ACTUAL CHEMICAL 
ANALYSES OF LLANITE 


I 2 3 n 

SiO, 74.52 75.90 74.80 75.20 
Al,O, : 11.58 12.07 11.44 2.37 
Fe,O; 0.69 1.01 1.07 0.63 
FeO ; 2.61 1.45 1.62 1.89 
MgO None 0.22 0.28 0.27 
CaO o.82 0.65 0.80 o.81 
Na,O 3.40 3.08 3.32 3.05 
K,0 5.46 5.32 5.52 5.00 
H,O0+ j 0.4! : ©. 32 
H,0-— oF . 0.06 nis | 0.02 
TiO, 0.29 0.38 ©.40 0.35 
P.O, 0.05 0.15 0.05 0.06 
F ©.49 n.d ©.49 0.25 
cya None 0.10 
MnO ©.02 n.d 0.18 0.06 
BaO n.d. 0.04 
$ n.d 0.01 
100. 29 100.70 100. 20 100 . 33 

O=F 21 21 II 
Total 100.08 100.70 99.99 100. 22 


1. Calculated by J. P. Iddings from the mineral composi- 
tion before a chemical analysis was available. 

2. H. S. Washington, analyst. 

3. Analysis No. 1 adjusted to allow for biotite rich in iron 
and alumina after analysis No. 2 was available (J. P. 
Iddings, Jour. Geol., Vol. XII [1904], p. 228) 

4. S. S. Goldich, analyst. 


APLITE AND PEGMATITE 

Aplite and pegmatite dikes are numerous in the granites of the 
Llano region. The aplite commonly grades into pegmatite, and this 
relationship can be seen in a dike in Petrick’s quarry. The dike is 
about 15 feet wide. It contains schlieren of granite, but its relation- 
ships to the granite are sharp and transgressive. A small amount of 
biotite is uniformly distributed in small flakes throughout the gray 
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to pink aplite. The texture is typically sugary, and in thin section 
the subhedral, mutually sutured grains are of the same order of mag- 
nitude. Albite near oligoclase, microcline, and quartz are the essen- 
tial minerals, and biotite and fluorite, which has every appearance of 
being primary, are the only accessories. There is, however, a small 
amount of calcite and chlorite. The aplite is represented by sample 
No. 7. Near the center of the dike the aplite grades into a zone of 
pegmatite which swells to a thickness of several feet (Fig. 5). Large 
equidimensional crystals of potassic feldspar, quartz, and books of 
biotite up to 8 inches in diameter compose the pegmatite. 


SUMMARY OF PETROGRAPHIC FEATURES 

lhe central Texas granites are composed chiefly of silicic plagio- 
clase, microcline, and quartz. In Johannsen’s system they range 
from (227P), granodiorite for the Town Mountain rock to (117’’P), 
leuco-sodaclase-adamellite for Bear Mountain. In this series, plagio- 
clase ranges from An,, to Ang. Johannsen“ uses the granite-por- 
phyry dike rock to illustrate his family (216A), sodaclase-granite- 
porphyry. The Town Mountain granites contain small amounts of 
hornblende, but biotite is the prominent ferromagnesian mineral, 
ranging from 15 per cent in the granite of Town Mountain to about 
1 per cent in the Bear Mountain rock. The plagioclase is commonly 
zoned, and the outer, more sodic portions of the larger crystals are 
commonly intergrown with quartz to form myrmekite. Albite is 
intergrown with microcline forming perthite in the granites, but this 
intergrowth is rare in the aplite, and myrmekitic intergrowths are 
not developed. 

Sericite, chlorite, and carbonate are the most common secondary 
products and probably represent hydrothermal alteration which 
followed the orthomagmatic stage. The extent of this alteration is 
slight. Magnetite, apatite, zircon, sphene, and a rare-earth mineral 
are the persistent accessory minerals in the Town Mountain and Six- 
mile granites. Garnet was observed only in the Bear Mountain 
granite and in the pegmatites in the Town Mountain and Sixmile 
granites. The pegmatites are composed chiefly of microcline-perth- 

‘A Descriptive Petrography of the Igneous Rocks (Chicago: University of Chicago 
Press, 1932), Vol. II, p. 117. 
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ite, quartz, and biotite. In addition, gadolinite and probably other 
rare-earth minerals, fluorite, molybdenite, and other minerals are 
fairly persistent in the pegmatites of the region but rarely occur in 
large quantities. 

CHEMISTRY 

The chemical analyses of the central Texas granites (Table 2) 
show a silica range from 68 to 77 per cent. Other constituents appear 
to vary with the silica content in a regular manner, and this varia- 
tion is shown in Figure 4. Included in the diagram are three analyses 
published by Keppel” (Table 4). With increasing silica content, the 
variation curves for magnesia, lime, and iron oxides, alumina, and 
the minor constituents decline. The alkali curves are essentially 
flat in the silica range from 68 to 72 per cent, but beyond this point 
the curves for K,O and Na,O converge. In terms of minerals, the 
shape of the potash curve is determined by the relative abundance 
of biotite and microcline. The decline in iron and magnesia with 
increasing silica is accompanied by a drop in the percentage of bio- 
tite (Table 1) which is counteracted by a relative increase in potash 
feldspar. Thus normative orthoclase in each of the three ‘Town 
Mountain granites is about 30 per cent, but hypersthene drops from 
6.4 per cent in the sample from Town Mountain to 3.4 per cent in 
the Granite Mountain rock, and modal biotite (volume percentage), 
from 15 to 7 per cent. In the granites with silica contents exceeding 
72 per cent, the relative proportions of plagioclase and microcline 
control the alkali curves, and the curves converge by a falling-off in 
potash accompanied by an increase in soda. The lime and soda 
curves can be correlated with the change in composition of the plagio 
clase in the granites, and this change is in a large measure the con- 
trol of the alumina curve. 

In the construction of the curves (Fig. 4) a certain amount of 
smoothing was required. Even so, some of the points deviate con 
siderably. Although it may be desirable for certain purposes to ob- 
tain smooth variation curves,’’ the deviation or scattering of the 


12 Op. cit., p. 977- 





™3 E. S. Larsen, “Some New Variation Diagrams for Groups of Igneous Rocks,” 
Jour. Geol., Vol. XLVI (1938), p. 505. 











points commonly has genetic significance. N. L. Bowen" has pointed 
out that, in plotting variation diagrams of rock series, good curves 
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are usually obtained if the rocks approach possible liquids in com- 
position. The glasses and, to a lesser extent, the aphanitic rocks 


“4 The Evolution of the Igneous Rocks (Princeton: Princeton University Press, 1928), 


pp. 92-124. 


Variation diagram of central Texas granites. The sample numbers refer to 
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should approach possible liquids, but porphyritic and coarse-grained 
rocks, depending upon their cooling history, may deviate consider- 
ably. Thus analyses of volcanic series commonly give good curves, 
and Bowen has shown that the characteristic shapes usually ob- 
tained for sub-alkaline series are quite similar to the theoretical 
curves deduced to represent the changing composition of a liquid 
undergoing differentiation by fractional crystallization. Two as- 
pects of the curves in Figure 4, therefore, should be considered. 
These are the deviation of certain points from the curves as drawn 
and the departure of the curves as a whole from the liquid lines of 
descent. The two problems are closely related. 

The most notable departures of the curves (Fig. 4) from the theo 
retical shapes are in the variation curves for the alkalis. With in 
creasing silica, in the range from 68 to 77 per cent, potash should 
increase along a curve that is concave upward, and soda should de 
cline along a curve that is convex upward.’ The shapes of thes« 
curves may be modified by strong fractionation with incomplete re 
action between the early plagioclase and the liquid tending to bal- 
ance the proportions of soda and potash. This effect probably would 
be accomplished largely in the magma, before it reached the ad 
vanced granitic stage with which we are dealing in the case of the 
Llano rocks. The operation of this process during the crystallization 
of the granites is suggested in the zoning of the plagioclase crystals. 
This fractional crystallization would also enrich the granitic liquid 
in potash, but the crystallization of biotite accompanying the plagio 
clase in the relatively early stages likewise would tend to balance the 
proportions of the alkalis. It is in the higher silica range (above 72 
per cent) that the departure of the alkali curves suggests strongly 
that the curves do not represent the liquid lines of descent, that is, 
that the granites deviate from possible liquids in composition. In 
this respect the granite-porphyry dike rock is significant in that the 
dense groundmass indicates rapid cooling, so that the dike rock 
might be expected to approach more closely the composition of an 





original liquid than do the coarse-grained granites of the larger in 
trusives. This assumption is fully supported in the deviation of the 
points for the granite porphyry from the curves indicating that the 


18 Tbid., p. 123. 
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granites do not represent abnormal liquids but rather that they are 
the products of a fractionated magma or magmas. Thus, the curves 
of Figure 4 depart from the liquid lines of descent for sub-alkaline 
rocks, and the deviation of the points for the fine-grained Cassaday 
granite and the llanite dike rock indicates that these rocks are not 
strictly comparable to the larger and coarser-grained intrusives. 

The close relationship between the granitic rocks in the Llano 
region is brought out in the progressive nature of the chemical 
changes that accompany increasing silica content. The mineralogi- 
cal changes are in the direction predicted by the reaction series. In a 
broad sense the granites may be regarded as a portion of a rock 
series representing differentiation through fractional crystallization. 
Some of the compositional differences of the granites may possibly 
be the result of contamination by incorporation of the invaded 
metamorphic series, but such contamination is believed to be negli- 
gible. 

FRACTIONATION OF GRANITIC LIQUID 
GENERAL CONSIDERATION 

Fractional crystallization in itself is not competent to produce 
differentiation into a rock series, unless there is some process or 
mechanism acting in conjunction with the crystallization which will 
effectively separate the solid and liquid phases, thereby producing 
fractionation of the magma. Two mechanisms are generally favored 
as being competent to produce fractionation of a crystallizing mag- 
ma. Both involve relative movements of crystals and liquid, and 
fractional crystallization is a fundamental and necessary adjunct 
to both processes. Gravitative effects are of primary importance in 
the first of these suggested processes, and the early crystals are sepa- 
rated from the liquid by settling or, possibly, by floating. In the 
second process the residual liquid produced by fractional crystalliza- 
tion is separated from a mesh of crystals. This process is commonly 
called “filter-pressing’’ and is usually attributed to deformative 
forces acting on the system in a fairly advanced stage of crystalliza- 
tion. A mechanism of this second type is favored to explain the 
diversity of the granitic rocks in the Llano region. Specific features 
of the central Texas granites suggest that the mechanism may not 
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be dependent wholly upon the fortuitous operation of deformative 
forces at the proper stage of crystallization to effect the separation 
of liquid and solid phases as is implied in the term “‘filter-pressing.” 

Geologists have been prone to regard magmas as passive bodies 
moved about in the crust of the earth by external forces, but it 
seems probable that at least some magmas in certain stages may 
represent dynamic systems rather than essentially passive ones. 
The general concepts of crystallization differentiation are widely 
accepted, and fractional crystallization is recognized as the inevi- 
table consequence of a changing or shifting equilibrium. The moti- 
vating factor in this shifting equilibrium is generally conceived to be 
falling temperature (cooling of the system). Although it is well 
recognized that a change in the position of the magma during its 
crystallization will have a direct bearing on the equilibrium control- 
ling crystallization, there is probably no general recognition of the 
idea that the position of a magma in the crust of the earth may 
represent an equilibrium or near-equilibrium. ‘The factors governing 
this physical or external equilibrium that determine where the mag- 
ma comes to rest in the crust are complicated, but it seems likely 
that, when a large body of magma comes to rest in the upper portion 
of the earth’s crust, a vital factor in the equilibrium or near-equilib- 
rium that is attained is the strength of the overlying rocks. 

If for the present discussion we assume a granitic magma with an 
appreciable content of hyperfusibles, fractional crystallization will 
effect not only the composition of the liquid but also the physical 
equilibrium of the magma in the crust. As a consequence of the 
crystallization, the vapor pressure of the liquid will be increased in 
the late stages, and the magma, although reduced in volume, may 
change from an essentially passive liquid to a dynamic system. The 
pressure exerted by the liquid will be transmitted in all directions, 
but in one, upward, the strength of the rocks may be a critical factor. 
Should these rocks be broken or fractured, as W. H. Emmons" 
suggests, the pressure would be released in this direction; and, with a 
pressure gradient established, movements of the magma will take 

6 Gold Deposits of the World (New York: McGraw-Hill Book Co., 1937), pp. 16 
23. 

















EVOLUTION OF THE CENTRAL TEXAS GRANITES 715 
place. Essentially the same suggestion is made by E. G. Zies.*7 The 
possible effects that might be produced are too numerous for all to be 
considered. The results will depend not only upon the stage in the 
crystallization of the magma but also upon the manner in which the 
release of pressure is obtained. In a late stage of crystallization the 
residual liquid which has become enriched in hyperfusibles is domi- 
nantly potassic and is probably more or less uniformly distributed 
throughout the system occupying the interstices. If failure of the 
roof takes the form of restricted openings or fissures, an analogy 
might be drawn to the production of petroleum through a choke in 
an oil well making gas. If a release of pressure on the magma has 
been attained that permits the separation of a gas phase (the liquid 
boils), the escaping gases will tend to sweep out the residual liquid 
from the crystals and convey the liquid upward. This separation of 
the late liquid is accompanied by some crystallization of the liquid 
and reorientation of the crystals to produce a rock that does not 
represent a liquid, and which, by virtue of removal of a potassic 
liquid, is more sodic than the original magma. This mechanism is 
essentially filter-pressing, but special deformative forces are not 
necessary. The energy is potential in the system and is released as a 
direct consequence of fractional crystallization. Some of the features 
of the central Texas granites which suggest that fractionation of the 
liquid was accompanied, if not accomplished, by loss of the hyper- 
fusibles may now be considered. 
GRANITE-APLITE-PEGMATITE RELATIONSHIPS 

Evidence that the granites do not represent the original liquids 
from which they were formed can be seen in the aplite, pegmatite, 
and vein quartz which are intimately associated and genetically re- 
lated to the larger granitic masses. An analysis of the aplite cutting 
the granite in Petrick’s quarry is given in Table 2, No. 7, and this 
analysis has been plotted in the variation diagram (Fig. 4). The 
aplite is believed to have been formed from a residual liquid formed 
by the crystallization of the granite. The mode of the granite shows 
it to be dominantly (go per cent) leucocratic with quartz, 28 per cent; 


‘7 “The Concentration of the Less Familiar Elements through Igneous and Related 
\ctivity,”’ Amer. Jour. Sci., Vol. XXXV-A (5th ser., 1938), pp. 385-404. 
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potash feldspar including some silicic plagioclase in perthitic inter- 

growth with the microcline, 30 per cent; plagioclase, 32 per cent. 

The average plagioclase is estimated as An,s. The mode of the ap- 
I 
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Fic. 5.—Dike of aplite cutting the granite in Petrick quarry. The dike rock con 
tains schlieren of the granite and grades into a central zone of pegmatite containing 
quartz (white), biotite (black), and large prismatic crystals of potassic feldspar. The 
quarry face is about 14 feet high. 


lite shows quartz, 30.3 per cent; potash feldspar, 24 per cent; plagio- 
clase (An,), 44 per cent; and biotite and others, 1.7 per cent. In the 
variation diagram points for all the oxides of the aplite lie on the 
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curves with the exception of the alkalis, and these depart radically, 
but in directions that do not contradict the curves. In comparison 
with the granite host rock, the aplite shows further enrichment in 
Na,O (albite) relative to K,O (microcline), but the aplite is believed 
to be a fractionation product of the residual liquid. The aplite 
grades into pegmatite (Fig. 5) which is composed of large crystals of 
potassic feldspar and quartz with smaller amounts of biotite and 
other minerals. Although no analysis is available, the pegmatite is 
definitely a ‘‘dopotassic”’ rock, whereas the aplite is ““dosodic,” and 
the granite is “sodipotassic.”” The relationships shown in Figure 5 
can be seen in a number of occurrences. The aplite and pegmatite 
are so intimately related that it seems likely that they were both 
derived from the same liquid with the pegmatite being the last to 
consolidate and in part, at least, replacing the aplite. The textural 
and chemical relationships between the aplite and pegmatite suggest 
that the escaping hyperfusibles responsible for the texture of the 
aplite'® produced fractionation of the crystallizing liquid by remov- 
ing a potassic liquid, thereby yielding a dosodic aplite. Locally, 
where the avenues of escape were restricted the pegmatite was 
formed, in part by replacement of the aplite. This mechanism is 
regarded as adequate to produce fractionation of a crystallizing 
granitic magma by escape of the late residual potassic liquid from the 
interstices. Such a process might be expected to be especially effec- 
tive in small bodies such as are represented in Bear Mountain and in 
the core of the Buchanan massif as described by Keppel. Analyses of 
these rocks are plotted in Figure 4 as samples 7 and C, respectively. 

In the Bear Mountain rock textural evidence can be seen that 
favors such an explanation for the origin of this sodic granite. Like 
the aplite in Petrick’s quarry, this granite is composed chiefly of 
feldspar and quartz. Normative orthoclase is less than 25 per cent; 
whereas normative albite is almost 39 per cent. Keppel"? states that 
the “rock is not at all porphyritic.” If by this he means that the 
grain size is uniform, the statement cannot be accepted. There is 
considerable range in grain size, but this range is continuous rather 

‘°F. F. Grout, Petrography and Petrology (New York: McGraw-Hill Book Co., 
1932), p. 221. 


'9 Op. cit., p. 992. 
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than hiatal, so that the texture is best described as seriate por- 
phyritic. Study of the granite will show that the red color is tem- 
pered by the presence of a large quantity of gray grains. The gray 
grains possess a sugary texture not unlike an aplitic one and quite in 
contrast with the larger crystals of quartz and red feldspar. 

In attempting to explain the finer grain of the central portion of 
the Buchanan massif, Keppel writes: 


If the magma chamber (which, up to the time of crystallization of the central 
portion, had not been connected with the surface) suddenly became the source 
of extrusive activity, it is possible that the residual material left in the center of 
the chamber would have become impoverished in volatiles as a result of the 
extrusion of the volatile-rich material. Thus the core of the massif could have 
crystallized with a smaller portion of volatiles present than in the outer zones 
and thus have developed a smaller grain size.?° 


PORPHYRITIC TEXTURES 

Failure of the roof of a crystallizing magma may allow the liquid 
with its suspended crystals to move bodily toward the surface. In 
jections in the form of dikes may take place. The rapid transloca 
tion of the magma to a region of lower pressure will destroy the con- 
ditions of equilibrium of temperature and pressure under which the 
crystals are forming, and at least partial resorption of these crystals 
will result. Dissipation of heat by conduction to the relatively cool 
invaded country rock will bring about a new equilibrium which will 
permit crystallization. If the dike is narrow and if the early crystal 
have attained large size before the intrusion, a porphyritic rock will 
undoubtedly result. This is essentially the history of the granite 
porphyry dike rock (llanite). During the cooling of the magma some 
of the hyperfusibles undoubtedly escaped, but the dike rock probably 
approaches the composition of the original liquid. 

However, in the late stages of crystallization of granitic magmas, 
the release of pressure on the system may be of such a nature that 
little movement of the solid or liquid phases takes place, but there 
is an escape of the hyperfusibles, and the magma boils. Loss of heat 
from the system and an increase in viscosity will result. Thus, if the 
crystallization of the original magma favored growth around certain 
nuclei producing large crystals, the change in equilibrium will un 


Ibid » P- 997 
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doubtedly favor the establishment of new nuclei, and crystallization 
will proceed with accretion around both old and new centers, and, 
although the rates of growth may favor the new nuclei, the resultant 
texture will probably be porphyritic. 


RELATIVE AGE OF THE GRANITES 

The variation diagram indicates the relative positions of the 
granites in terms of magmatic differentiation, that is, the stage of 
evolution that has been attained. It seems reasonable to believe 
that a very large magma may differentiate at varying rates in widely 
separated parts. The various granites that have been sampled for 
the present study may represent the cupolas of a large mass which at 
depth is continuous. It seems equally probable that widely separa- 
ted periods of magmatic action might produce rocks that will fall 
into a series with all the appearances of derivation from a single 
liquid because of the similarity in composition of the original mag- 
mas. For this reason it is not safe to assume that the positions of the 
samples in the diagram indicate their relative ages. 

To illustrate this point we may consider the textural varieties of 
the granite mapped as the Buchanan massif by Keppel. This mass 
is said to exhibit three concentric bands: (1) an outer coarse-grained 
granite (analysis A); (2) an intermediate ring of porphyritic coarse- 
grained granite (analysis B); and (3) a core of medium-grained 
granite (analysis C). This sequence, according to Keppel, is the 
order of solidification, the oldest rock being A, and the youngest, C; 
but the order of these rocks in the variation diagram is B, A, C. An 
explanation for this apparent discrepancy is needed. The porphy- 
ritic character of the granite in the intermediate zone, in contrast 
with the nonporphyritic outer zone, suggests that, if the chamber 
was occupied by a granitic magma of uniform composition, the 
porphyritic rock represents a more strongly fractionated portion of 
this original magma than does the outer zone. The residual liquid 
produced by this fractionation probably yielded the granite of the 
core. Rough calculations based upon Keppel’s map showing the 
areal distribution of the three textural phases indicate that the com- 
position of the mass as a whole approaches that of the Petrick 
granite, analysis A. It is possible that the original magma had a 
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composition similar to that of the dike rock, llanite, which is in- 
terpreted to represent essentially a nonfractionated liquid. The dike 
rock is closely related chemically to the granites of the Town Moun- 
tain division. Additional data are needed, particularly field observa- 
tions, to determine the relative age of the granites. 

Structurally, the metamorphics into which the granites are in- 
truded form a series of anticlines and synclines plunging to the 
southeast. The order of the analyzed samples Nos. 1, 2, and 3 may 
reflect the depth of erosion in the cupolas of the Llano region. This 
suggestion by Dr. Stenzel** deserves further study on the basis of 
additional chemical work. 
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Analysis Laboratory of the University of Minnesota, and the writer is indebted 
to Professor F. F. Grout for his kind co-operation. Thanks are due to Dr. R. B 
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from the American Association for the Advancement of Science through the 
Texas Academy of Science. Professor C. L. Baker of the Agricultural and 
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21 Personal communication 
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ABSTRACT 


Ice from the Methow drainage joined with ice of the Okanogan lobe during a glacial 
1aximum, to form an almost continuous blanket covering all but the highest peaks of 

northern Okanogan Mountains and the eastern Cascade Range. A true valley 

ier occupied the Methow during a late phase of the glaciation, building moraines as 
ar south as Libby Creek, but it did not join the Okanogan ice at the mouth of the 
lethow. The evidence does not warrant saying whether the maximum and the valley 

iation represent two separate stages or one stage with very slow retreat. Much 
f the Methow ice originated outside the Methow drainage area and was contributed 
suthward through the present north-flowing Middle and West forks of the Pasayten 
River 


pe a 
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INTRODUCTION 

The Methow Valley forms one of the main drainage systems of the 
northeastern Cascade Mountains of Washington, an extremely 
rugged area of ridges and canyons in which the relief varies from 
2,000 to 6,000 feet. Some of the peaks rise above 9,000 feet in eleva- 
tion. Many of the higher Methow tributaries head in magnificent 
cirques along the Cascade crest, and the upper valley is character- 
istically U-shaped as a result of glacial erosion. The Methow flows 
southeast, entering the Columbia River approximately 15 miles 
north of Lake Chelan and 9 miles west of the mouth of the Okanogan 
River (Fig. 1). 

I. C. Russell' has presented the only discussion of glaciation in the 
Methow Valley. He held that the Methow was occupied only by a 
valley glacier of Cascade origin in contrast to the area to the east 
which was covered by the Okanogan lobe of the Cordilleran ice sheet. 
Russell did not believe that the Methow glacier joined the Okanogan 
ice as the latter moved down the Columbia Valley. 

Che record of Pleistocene glaciation in the area to the east, the 
Okanogan region, and to the south of the Methow drainage, the 


'**\ Geological Reconnaissance in Central Washignton,”’ U.S. Geol. Surv., 20th 
nn Rept (1898-99) p. 106 
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FIG. 1. 





Location map showing the drainage area of the Methow River 
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Chelan area, has been reported by R. F. Flint? and A. C. Waters.? 
Flint, on the basis of reconnaissance observations, has suggested that 
the Methow ice joined the Okanogan lobe during the glacial maxi- 
mum. Waters offered no comment on this phase of the glaciation. 

The author began a study of the structure and stratigraphy of the 
upper Methow Valley during the summer of 1939. The problem of 
glaciation was so interesting that the last half of August and the first 
half of September, 1940, were devoted to its study in an effort to fill 
out the gap between Flint’s work in the Okanogan and Waters’ work 
in the Chelan area. The study indicates to the author that during a 
late Pleistocene glacial maximum the Methow Valley ice not only 
joined the Okanogan ice, but formed with it a more or less continu- 
ous ice cover extending westward almost to the crest of the Cascade 
Range. 

EVIDENCE OF THE EXTENT OF METHOW ICE DURING 
A LATE GLACIAL MAXIMUM 

Old Goat Mountain, lying immediately west of the junction of the 
Methow and Columbia rivers at Pateros, rises to an elevation of 
5,290 feet (Fig. 1). The country rock is gneissic and is cut by numerous 
felsitic dikes. Many large and small erratic boulders on the north slopes 
of Old Goat Mountain indicate that ice reached at least an elevation 
of 4,415 feet. Some of the erratics, particularly the porphyritic dike 
rocks, give no clue as to the source of the ice because similar dike 
rocks are found in the Okanogan and the Methow drainages. How- 
ever, boulders of gray chert conglomerate and of a pink miarolitic 
granitic rock indicate that the ice was of Methow origin. Pink gra- 
nitic erratics showing distinctive miarolitic structures may be found 
at many places on both sides of the Methow Valley as far north as 
its junction with West Fork, a distance of 60 miles. The gray con- 
glomerate was probably derived from Cretaceous rocks of this type 
which outcrop in the upper Methow Valley. 

Flint‘ reported finding erratics up to 4,530 feet on Old Goat Moun- 

2“*Pleistocene Drift Border in Eastern Washington,” Bull. Geol. Soc. Amer., Vol. 
XLVIII (1937), p. 220. 

3 “Terraces and Coulees along the Columbia River near Lake Chelan, Washington,” 
Bull. Geol. Soc. Amer., Vol. XLIV (1933), p. 787. 


4 Personal communication. 
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tain, but he did not comment upon their derivation, whether of 
Methow or Okanogan origin. 

Waters, in his work on the terraces and coulees between Chelan 
Butte and the mouth of the Okanogan River states ‘. . . . the Wis- 
consin ice buried peaks and ridges that now rise 4,000 feet above the 
river [Columbia], but the main ice sheet did not pass over the sum- 
mits of the Methow Mountains.” The Methow Mountains lie im- 
mediately south of Old Goat. Together they form the divide between 
Lake Chelan and the Methow Valley. The Columbia is approxi 
mately 675 feet above sea-level at this point. Waters, therefore, esti- 
mates the ice height at this point to be approximately 4,675 feet 
above sea-level. 

It can be seen that the ice heights of Waters, Flint, and the writer 
are not greatly at variance, if one considers the type of evidence 
which must be used in determining height of ice. Thus, there is gen 
eral agreement that ice reached 4,500~4,600 feet in elevation near the 
mouth of the Methow. 

Critical ridges and summits on both sides of the Methow Valley 
were examined for further evidence of height of ice, and, if possible, 
to determine whether the ice was of Methow or of Okanogan origin. 
The only definitely recognizable erratics of Okanogan origin found 
are within 3 miles across the hills or 5 miles along the Methow River 
northwest of Pateros. These are of Columbia River basalt, outcrops 
of which occur east of this point forming a triangular remnant of the 
Columbia plateau north of the Columbia River. Some are large 
enough to be classed as ‘‘haystack’’ rocks, so called locally because 
they resemble the stacks of wheat, hay, and straw erected by the 
farmers. The highest basalt erratics found were at 2,600 feet. The 
presence of numerous basalt erratics low in the canyon is evidence 
only that the mouth of the Methow was blocked during a very late 
stage by the Okanogan ice. The higher erratics could have been de- 
posited either then or at an earlier, maximum stage. 

Evidence of widespread glaciation in the form of striae, grooving, 
and/or erratics of upper Methow origin were found along the entire 


length of the valley. Only three occurrences need be mentioned 


Op. cit., p. 787 
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here.° Leecher Mountain (4,947 feet) is the highest point in the 
southern Okanogan Mountains (Fig. 1). Its summit has been severe- 
ly eroded by glacial action, and the erratics indicate a Methow origin 
for at least a part of the ice. Lookout Mountain (5,692 feet), 10 
miles northwest of Leecher Mountain, is the highest point in this 
part of the drainage. The outcropping greenstones of its summit ex- 
hibit many examples of glacial grooving parallel to the Methow, and 
in some places glacial polish is still preserved. The same may be said 
of Goat Peak (7,019 feet), which lies 24 miles northwest of Lookout 
Mountain. The grooving on the summit trends S. 55° E. parallel to 
the Methow at this point. 

From a consideration of the foregoing evidence it is apparent 
that, during a glacial maximum, ice delivered through the Methow 
filled the lower reaches of the area to an elevation of about 4,500- 
4,600 feet and covered most of the upper drainage area below an 
elevation of 7,100-7,800 feet. 


SOURCES OF THE METHOW ICE 

Ice which covered the Methow Valley during the glacial maximum 
came, in part, from the high peaks which bound its drainage area to 
the north and west, but of especial interest are the contributions 
made from without its own drainage area. Of greatest interest, per- 
haps, is the contribution made to the Methow through Robinson 
Creek and Rattlesnake-Trout Creek valleys in the vicinity of Hart’s 
Pass. Figure 2 shows the relation of the creeks to the Cascade crest, 
Hart’s Pass, and the Pasayten River. Large fresh granodioritic er- 
ratics found in Hart’s Pass and the upper Methow drainage came 
from Pasayten Peak stock, the southern contact of which is exposed 
5 miles north of Hart’s Pass on the ridge between the Middle and 
West forks of the now north-flowing Pasayten River. In order to 
reach Hart’s Pass ice from the Pasayten flowed south across the 
crest, leaving a trail of erratics and eroding the ridge. Striae trending 
S. 30°-40° E. on black shale which outcrops along the Cascade crest 
due north of Hart’s Pass at an elevation of 7,270 feet are remarkably 
well preserved. There is no evidence that the ice flowed over Slate 

° A detailed list of evidence may be found on file in the University of Washington 
library, Seattle, under the title of this paper. 
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Peak, on the crest 3 miles northwest of Hart’s Pass, but a sufficien 
quantity did flow down the head of Trout and Rattlesnake creeks t: 
erode the valley to its present U-shape. 
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FIG. 2. 
those of the Pasayten. 


Location map showing the relation of the upper Methow tributaries t 
The arrows indicate direction of ice flow, 
and the distribution of erratics of known origin. 


Pasayten ice moved across the Robinson Creek~Pasayten Middle 


Fork divide, scouring the passes to their present elevations and leav 
ing Pasayten Peak granitic erratics from the top of the hill to the 
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floors of the passes. Some measure of the erosion accomplished may 
be judged from Figure 3. The ice which filled the Pasayten also 
spilled over the Cascade crest west into the Slate Creek Skagit drain- 
age (Fig. 2). The crest between Slate Peak and Windy Pass has a 
maximum elevation of 6,780 feet. Pasayten Peak granitic erratics 





Fic. 3.—The headwaters of Robinson Creek taken from the Pasayten—Robinson 
Creek divide. Scramble Point blocks the creek in the middle distance. The high point 
beyond Scramble Point is Goat Peak, which was also covered by ice during the glacial 
maximum. 


are plentifully strewn over the saddles and peaks along this shale and 
sandstone ridge. 

Russell, speaking of the Pasayten, then called the “Similkameen,”’ 
said: 

The valley ....is fully two miles wide at the bottom, and now heavily 
forested, but has the characteristic U-shaped cross profile that glacial ice im- 
parts to a previously water-cut trough. The old glacier for a distance of ten 
miles from its source must have been upwards of three miles broad. Several of 
its head branches start from deep amphitheaters near the Cascade Divide.’ 


Op. cit., p. 167 
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Russell’s description of the topography is excellent, as may be seen 
in Figure 4. His assumption that the cirques at the head of the Mid- 
dle and West forks were the sources of the ice which gave to the 
Pasayten its characteristic U-shape is probably partially in error. It 
is quite probable that cirques were developed early in the glacial his- 
tory of the valley, but they were entirely filled and overridden as the 





Fic. 4.—Looking north from Slate Peak down the West Fork of the Pasayten River, 
The sharp peak on the right is Pasayten Peak, which stood as a nunatak above the 
ice sheet that filled the valley and covered the ridges in both the left and right fore 
ground. 


ice reversed its normal flow and poured over the southern divides 
into the Methow and Slate Creek drainages. The present cirques 
were excavated when the glacial maximum had passed, and the val- 
leys were again fed only by ice that accumulated in their headwaters. 
The U-shape of the valley is due in part to ice which moved normally 
northward down the Pasayten drainage, but it is essentially due to 
the work of southward-moving ice. 

R. A. Daly® was of the opinion that the ice along the Canadian 

8 ““Geology of the North American Cordillera at the Forty-ninth Parallel,” Geol. Surv 
Canada Mem. 38 (1912), p. 594. 
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border at the Pasayten River was probably 500-600 feet lower than 
ice on the eastern side of the Okanogan Range. This would place the 
ice height at 7,200~-7,300 feet in elevation. He found recognizable 
erratics up to 6,850 feet. Late alpine glaciation probably removed 
the evidence of a higher ice level; for, in view of the evidence that ice 
was delivered to the Methow drainage over a barrier 7,200 feet in 
elevation 18 miles south of the Canadian border, it is probable that 
the ice sheet was somewhat higher at the border than was suggested 
by Daly. 

Some of the Pasayten ice, no doubt, came from the higher peaks 
along the Cascade crest; although there are only two peaks along the 
crest between Hart’s Pass and the Canadian border that rise above 
7,900 feet. The group of high peaks lying north of the Lost River 
drainage may also have contributed some ice to the Pasayten, but it 
is believed that ice which occupied the Interior Plateau of British 
Columbia and was the main source of the Okanogan glacial lobe also 
played an important part in reversing the normal flow of the ice in 
the upper Pasayten drainage. Although it seems probable that an 
active contribution of Canadian ice was made, it may be possible 
that it only acted as a barrier in the lower reaches of the Pasayten, 
and that local Cascade ice accumulated to such depths in the Middle 
and West forks that escape was easier to the south than to the north. 
The lack of recognizable Canadian erratics in the upper Methow 
drainage makes necessary this second, less-favored hypothesis. 

There is ample evidence that Chewack Creek, a north tributary of 
the Methow, contributed to the main valley during a glacial maxi- 
mum. Large granitic and gneissic erratics from its drainage are 
found on the black shale and greenstone hills north and east of 
Winthrop, its junction with the Methow. The writer did not explore 
the headwaters of the Chewack, but Daly,’ in his work along the 
forty-ninth parallel, found evidence that the upper limit of the ice 
followed, in general, the 7,800-foot contour on Cathedral Peak and 
adjacent ridges, and that the ice moved southeast. He placed the 
western border of the Okanogan ice cap along the forty-ninth paral- 
lel as 25-35 miles west of the Similkameen River. This area includes 


Tbid., p. 592. 

















730 JULIAN D. BARKSDALE 








the upper Chewack drainage, and most of the Okanogan Range, 
peaks of which rise to 8,300 feet. These probably stood as nunataks 
above the ice sheet which filled the saddles between the Okanogan 
and Chewack drainages, but the major volume of ice contributed by 
the mountains north and west of the Chewack must have moved 
down this creek to join the Methow and later to merge with and 
augment the true Okanogan lobe as the southern Okanogan Moun 


tains were covered. 

If one uses Daly’s figures for the ice height at the Canadian border, 
the Chewack-Methow part of the lobe had an average slope of about 
50 feet per mile. This agrees with Flint’s generalized contour map,’ 
by which he presents his interpretation of the position of the upper 
surface of the glacier at its maximum. The map shows the surface at 
its western edge to drop 2,000 feet in elevation in the 17 miles from 
Old Goat Mountain to the south side of Lake Chelan. However, th« 
position of the terminus of the Columbia lobe as represented on 
Flint’s map coincides with that shown on Waters’ map," and an ex 
amination of Waters’ report indicates that the evidence used was th« 
position of the highest terraces on the west side of the Columbia 
between Chelan Butte and Pateros. These are reported by Waters’ 
to be found in Washington-Antwine Creek, 4-5 miles south of Old 
Goat Mountain. There are 12 recognizable terraces in this drainag: 
between the upper 2,620-foot terrace and the “Great Terrace of the 
Columbia” at 1,210 feet. These are composed almost entirely of 
stratified glacial drift and are thought by Waters to have been built 
into lakes whose valleyward margins were dammed by ice of the 
Okanogan lobe that still occupied the Columbia Valley. 

A problem is raised in the writer’s mind as to whether the ic« 
height determined at Old Goat Mountain by Flint and the writer 
4,500-4,600 feet, which is in rough agreement with Waters’ gen 
eralization,’’ represents deposits made during the same stage of gla 
ciation as those made during the terrace-building stage. The Old 
Goat deposits probably represent a maximum stage of glaciation 
when the terminus was farther down the Columbia. The terrace de 

“Glacial Features of the Southern Okanogan Region,” Bull. Geol. Soc. Amer 
Vol. XLVI (1935), p. 22 
Op. cit., p. 783 Ibid., p. 791 Ibid., p. 787 
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posits are probably related to low-elevation valley glacial deposits 


found in the Methow and represent a stage or substage of the glacia- 
tion which may be considered separately. 


EVIDENCE OF A LATE GLACIAL SUBSTAGE 
Terraces are present but not well developed in the lower Methow 
Valley except at the mouth of the river, and these may be attributed 





Fic. 5.—Terraces in the central Methow Valley above the town of Methow, looking 
northwest. The highest terrace shown in the picture, Mill Flat, has an elevation of 
0 feet. 


to the same ice that blocked Chelan, Washington-Antwine creeks. 
However, terraces are very well developed at, and north of, the town 
of Methow (Fig. 5). Till is present, but the terraces are usually 
capped with water-washed silt, sand, and gravel. Some of the ter- 
races exhibit deltaic foresets and are well bedded, others are pitted 
with kettles. ‘Terraces above 2,100 feet in this part of the valley were 
not developed or have been destroyed by erosion, although evidence 
has already been presented to show that the ice cap covered summits 


in this area of nearly 5,000 feet in elevation (p. 724). There is a gap 
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here between the deposits of the maximum and those of the terrace- 
level stage which at first glance seems comparable to that existing in 
the Columbia near Pateros and Old Goat. But upon closer examina- 
tion it becomes evident that there is this difference: Highway cuts in 
one of the lower terraces immediately north of Methow reveal a zone 
of brown discoloration at least 10-12 feet thick at the top of the ter- 
race. Disintegration of granitic and gneissic boulders in this oxidized 





zone is noticeable, although most of pebbles and boulders are ap- 
parently little altered. A few granitic boulders at depths of 18 feet 
show rotten rims. The Chelan terraces, on the other hand, rarely 
show more than a foot or 18 inches of oxidation. 

The weathering of the Methow terrace deposits is comparable to 
the weathering observed in the fragmentary deposits found higher on 
the surrounding hills already described. It indicates a closer time 
relation between the glacial maximum and the Methow terraces than 
between the Methow and the less-weathered Chelan terraces. The 
comparative freshness of the latter, together with the presence of 
low-lying “haystack”’ erratics, might be interpreted as evidence that 
the Okanogan lobe continued to occupy the Columbia Valley and 
block the Methow and Chelan valleys long after the Methow lobe 
had retreated. On the other hand, the difference in weathering be 
tween Waters’ Chelan terraces and the lower Methow Valley de 
posits might be interpreted by some as evidence of two glacial stages 
Evidence of two distinct stages and possibly a third has been de 
scribed in the Puget Sound area, west of the Cascades." It is, there 
fore, entirely plausible that more than one stage occurred east of the 
Cascades, especially since the Puget and Okanogan glaciers had in 
part a common source. Further evidence was sought in the middle 
Methow Valley in an attempt to reach a more definite conclusion as 
to the number of stages. 

Four notable moraines are encountered in the Methow Valley be 
tween Libby Creek and Winthrop representing pauses in the retreat 
of a glacier or glaciers (Fig. 6). All have kettle-pocked, hummocky 
surfaces mantled by poorly sorted fluvio-glacial materials. ‘The mo 
raine south of the present mouth of Libby Creek has an elevation of 


14 J Harlen Bretz,‘‘Glaciation of the Puget Sound Region,’’ Washington Geol. Suri 


Bull. VITI (1913), p. 15 
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1,670 feet, that at Carlton 1,680 feet, at Benson Creek 1,750 feet, and 
at Winthrop 2,000 feet. Well-developed terraces particularly free of 
kettles lie between each of the moraines mentioned. Fragmentary 
terrace-like deposits in the upper reaches of small Methow tribu- 
taries were apparently formed during wastage from a maximum 
stage. 

Benson Creek Valley has, in addition to the low Methow moraine 
which blocks its mouth, a strong lateral moraine of its own, 2,230 feet 
in elevation, which blocks the mouth of a small north-flowing Benson 
tributary (Fig. 6). This blocking moraine slopes toward the Methow 
at the rate of 120 feet per mile. This slope can be checked on the 
north side of the valley and indicates an active contribution of ice 
from Benson Creek to the Methow during this stage of glaciation. 
A second moraine, also sloping down-valley, is well developed ap- 
proximately 100 feet below the one just described, and it can bé 
traced into the Methow for a distance of nearly a mile before it is 
lost. 

Benson Creek occupies a rather open valley which becomes spo 
radically marshy as it approaches its 3,400-foot divide with Okano 
gan drainage. During the stage in which the Benson Creek high mo 
raines just described were formed, Okanogan ice evidently spilled 
through this low pass to add to the Methow lobe. It is suggested 
that the upper moraine was built at the time the Methow glacier 
ended at or just beyond Carlton. The moraines cannot be traced 
unbroken into those formed at Carlton and Libby Creek, but an 
average rate of fall of 130 feet per mile would bring the upper Benson 
moraine down to the Carlton moraine level. 

The moraine at Winthrop is the largest in the valley and was 
mapped by Russell*’ as the terminal moraine of the Methow glacier. 
No end moraines were found in the valley above Winthrop. There 
are patches of lateral moraines and ice-contact terraces along the 
valley, but the ice apparently melted back from the present location 
of Winthrop without marked pause. 

The Chewack Creek glacier did not join the Methow during its 
Winthrop moraine-building stage. On the contrary, the surface of 
gravel deposits in a glacial spillway in the bedrock hills northwest of 





1S Op. cit., p. 167. 
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Winthrop shows a slight northeast slope. This indicates a contribu- 
tion of debris from the Methow glacier into Chewack Creek. The 
bulk of the contribution has been removed from the Chewack by 
later stream erosion. Scattered patches of lateral moraines were 
found in the Chewack north of Eightmile Creek, but the first good 
end moraine encountered lies 3 miles south of Twentymile Creek, or 
about 17 miles north of Winthrop. Further work must be done in 
this drainage before any definite correlation can be made between 
these moraines and those of the Methow proper, but it is suggested 
that the Twentymile moraine was built at the same time as the 
Winthrop moraine, judging from its size and from the freshness of 
the materials comprising the debris. 

[he moraines and terraces were examined for depth of weathering. 
All outcrops studied were in fluvio-glacial material. Small road cuts 
in the Carlton moraine exhibit a zone of oxidation 10-15 feet thick. 
A recent excavation for road gravel in the moraine on the western 
side of the Methow opposite Benson Creek reveals a reddish dis- 
coloration in the upper 4-6 feet of the moraine, and while some of the 
6-10-inch granitic boulders are markedly decayed, others of the 
same general type are sound. Large cuts in a terrace of poorly sorted 
sand and gravel, § mile up-valley, at a slightly lower elevation, from 
Benson Creek moraine show 4~14 feet of discoloration. Many of the 
granitic boulders in this zone are rotten, but others are not. Terrace 
deposits just north of Twisp show 4 feet of discoloration, while there 
is only 2 feet or less on the Winthrop moraine. 

The rather gradual decrease in weathering of deposits of similar 
materials from Methow to Winthrop, and the comparable topo- 
graphic positions of these moraines and terraces, indicate to the 
writer that they could have been built during the slow retreat of one 
glacier. The question as to whether this glacier and that of the maxi- 
mum represent two phases of the same glacial stage or two separate 
stages is not proved by the evidence at hand. 

AGE OF THE METHOW GLACIATION 

Bretz’® considered the northern part of the Columbia Plateau to 

have been glaciated at least twice. The earlier glaciation he desig- 


‘6 “Age of the Spokane Glaciation,” Amer. Jour. Sci., Vol. CCVIII (1924), p. 342. 
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nated the “Spokane,” the later, somewhat less-extensive one he 
called the “‘Wisconsin stage.”’ The Spokane stage was correlated 
with either the Iowan or early Wisconsin of the Mississippi Valley 
and the later stage with the late Wisconsin. In a later paper Bretz"’ 
reports having found morainal deposits in the Columbia Valley be 
tween Wenatchee and the mouth of Moses Coulee. The glaciation 
responsible for these deposits he designated only as “‘pre-Wisconsin.”’ 

Waters" used the term ‘‘Wisconsin,” following Bretz, to designate 
the last ice sheet which invaded the mouth of Lake Chelan. The 
problem as to whether the basin of Lake Chelan was formed by a 
valley glacier during this or during an earlier one was not investi- 
gated by Waters at that time. 

Flint’? concluded that, although it is likely that there was earlier 
glaciation in eastern Washington, he found no evidence of more than 
one stage. This he correlated with the Wisconsin of eastern Mon- 
tana. Several lines of evidence suggested to Flint that the deposits 
were formed during some part of the Wisconsin stage of the Missis 
sippi Valley region. He reports”? having found, more recently, 
grooves and striae as far south as Old Orondo, high-level deposits 
probably built marginal to the ice lobe as far south as Wenatchee, 
and topography at several localities south to and including the 
mouth of Moses Coulee which he believes with Bretz to be morainal 
in character. The loess and caliche on the deposits suggest to Flint a 
date slightly earlier for these than that for the deposits around Che 
lan. He has not seen evidence to justify his saying whether the Che 
lan-Washington-Antwine deposits were formed during an extremely 
slow retreat of the same glacier or by actual readvance. The latter 
view is subscribed to by Waters.” 

Ben M. Page,” working in the Leavenworth area 25 miles south- 
west of Lake Chelan, found evidences of three alpine glacial stages 
17 **Valley Deposits Immediately West of the Channeled Scablands,” Jour. Geol 

Vol. XXXVIII (1930), p. 387 

*® Op. cit., p. 785 

19 “Pleistocene Drift Border ,” op. cit., p. 226 

20 Personal communication 21 Personal communication 


22 “Multiple Alpine Glaciation in the Leavenworth Area, Washington,” Jour. Geol 
Vol. XLVII (1940), p. 785 
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which he named the ‘“Peshastin,” the “‘Leavenworth,”’ and the 
“Stuart.’’ Page was able to distinguish his glacial stages on the basis 
of differential weathering. The Peshastin till is decayed or discolored 
to a depth of 25 feet below the present surface of the ground; the 
Leavenworth till is discolored only to depths of 6-8 feet; while the 
Stuart glacial features are marked by their freshness. Page states 
that the two later stages might be considered as one in which a long 
span of time elapsed between the deposition of till at Leavenworth 
and the final ice erosion of the upper valleys. He prefers, however, to 
consider the final Stuart stage as a distinct one which “. . . . is un- 
doubtedly equivalent to all or part of the Wisconsin stage”’ (p. 785). 

Deeply weathered glacial deposits which would correspond to 
Page’s Peshastin stage were not noted in the Methow drainage. 
Thinness of the weathered rind on high-elevation Methow Valley 
erratics, and preservation of grooving and striations on exposed sum- 
mit surfaces of different rock types, suggest a relatively recent date 
for the glaciation which left these traces. The weathering of fluvio- 
glacial deposits in the valley, while extending to greater depths than 
those described by Page for his Leavenworth till, is of the same order 
of severity. The difference in depth of oxidation may well be a func- 
tion of the difference in texture of fluvio-glacial material and till. 
The author would assign to the glaciation responsible for all these 
phenomena a date no older than early Wisconsin. The Winthrop 
moraine, the Chelan-Washington-Antwine terraces, and Page’s 
Stuart till, judged from weathering alone, were deposited at approxi- 
mately the same time. They may be designated as late Wisconsin in 


age. 
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THE TRABUCO AND BAKER CONGLOMERATES 
OF THE SANTA ANA MOUNTAINS 
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ABSTRACT 


A thick conglomerate series unconformably overlies Triassic metamorphics ar 
Jura-Cretaceous intrusives and probably conformably underlies marine early Upper 
Cretaceous sandstones. The lower 300-400 feet of this series are deeply weathered, re 
soft, massive; the upper 100 feet are fresh, greenish-gray to brown, resistant, thick 
bedded, and probably marine. The red lower part, named the ‘‘Trabuco formation”’ 
by E. L. Packard, was interpreted as a continental] deposit older than the overlying 
gray conglomerate, and by Bernard Moore as a marine deposit continuous with and 
genetically inseparable from the gray conglomerate but weathered to its present cor 


bearing meteoric waters after the deposition of the entire cor 


dition by circulating iron 
glomerate series 

Field studies of the conglomerates and pebble counts show that the upper and low: 
conglomerates are probably conformable and have no constant differences in compos 
tion, size, or rounding of the included pebbles. The marked and constant differences i 
tion, and topographic expression are believed due to differences 
weathering. The Trabuco conglomerate is interpreted as a flood-plain deposit weathered 
deeply in place before deposition of the gray marine conglomerate overlying. Th« 
Trabuco conglomerate is thus recognized as a valid formation, confirming Packard 


“oe . 
original interpretatior 





color. consolid 


THE PROBLEM 


At the base of the known marine Upper Cretaceous of the Santa 





Ana Mountains, Orange County, California, is a thick conglomerat: 
series lying with pronounced angular unconformity upon a basement 
of metamorphosed Triassic sediments and associated, questionably 
Jurassic, intrusives. The conglomerates grade up into sandston 

and shales that bear a typical marine early Upper Cretaceous fauna 
The conglomerates are almost wholly unfossiliferous. Their thick 
ness is variable but averages 400 500 feet. The lower part of th 
conglomerates is a red, incoherent, rather structureless member that 
averages 300-400 feet thick; the upper member, which maintains a1 
average thickness of near 100 feet, is light-gray to brownish-gray 

firmly cemented, thick bedded, and sufficiently resistant to maintain 
a bold cliff face above the weak red beds below. The red lower part 
of the conglomerates was named ‘Trabuco formation” by E. L 
Packard in 1916 and was thought to be nonmarine, whereas the up 


per gray conglomerate was believed to be marine. B. N. Moore, ii 
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1930, disputed the nonmarine origin of the Trabuco formation, be- 
lieving it to be a weathered basal phase of the entire conglomerate 
series. He concluded that it had no status as a distinct formation. 

This paper presents the results of a restudy of the conglomerates 
and attempts to determine which of the views outlined above is best 
supported by the geological evidence. 

HISTORICAL REVIEW 

First mention of the Trabuco conglomerates appears in a contribu- 
tion by Packard’ in 1914 to a discussion by R. E. Dickerson on the 
general geology of the Santa Ana Mountains. Packard mentioned 
the characteristic color of the rock, stated that basic igneous rocks 
were the principal constituents, and contrasted the conglomerate 
with the gray conglomerate overlying. He suggested that the red 
beds might be a stream deposit. In 1916 Packard? discussed the com- 
position and relationships of the conglomerates in more detail. The 
two members were thought to be possibly unconformable, but direct 
evidence for this was lacking. Most of the igneous rocks in the Tra- 
buco were said to be basic, while the upper gray conglomerate had a 
higher content of quartzites and cherts. W. A. English? in 1926 men- 
tioned the presence of the Trabuco formation in the northern Santa 
\na Mountains but limited his discussion almost entirely to quota- 
tions from the 1916 article by Packard. A. O. Woodford? in 1926 
noted the presence of a soft red conglomerate at the base of a thick 
series of “Chico”? conglomerates in the neighborhood of Lucas Can- 
yon in the southeastern part of the Corona quadrangle, southern 


‘ 


Santa Ana Mountains. These conglomerates were said to be “sug- 


gestive of the Trabuco formation to the north.’ T. S. Southwick’ 


“The Martinez and Tejon Eocene and Associated Formations of the Santa Ana 
Mountains,” Univ. Calif. Pub., Bull. Deft. Geol. Sci., Vol. VIII, No. 11 (1914), pp 
12-63 
***Faunal Studies in the Cretaceous of the Santa Ana Mountains of Southern Cali 
fornia,” 7bid., Vol. LX, No. 12 (1916), pp. 140-41 
'“Geology and Oil Resources of the Puente Hills Region, Southern California,” 
S. Geol. Surv. Bull. 768 (1926), pp. 17-18 
‘The San Onofre Breccia: Its Nature and Origin,” Univ. Calif. Pub., Bull. Dept 
Geol. Sci., Vol. XV, No. 7 (1925), p. 173 
‘Geology of a Portion of the Santa Ana Mountains” (Master’s thesis, Calif. Inst 
lechnology, 1928) 
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mapped an area in northern San Diego and southern Orange counties 
approximately between San Juan Hot Springs and San Onofre. At 
the base of the Cretaceous section he noted a soft red unfossiliferous 
conglomerate 150 feet thick underlying harder and lighter-colored 
conglomerates of Upper Cretaceous age. The red conglomerate ex 
tended south of the area included in the map, and its distribution 
south of this point is not well known. Southwick repeated the sug 
gestion that the Trabuco conglomerate may be nonmarine. B. N. 
Moore’® in 1930 discussed the Trabuco conglomerate at some length 
in a general geologic study of the portion of the Santa Ana Moun 
tains lying between Silverado and San Juan canyons. He concluded 
that the Trabuco conglomerate is an altered phase of the basal Cre 
taceous marine conglomerate; that the agencies of alteration ar« 
unknown but that circulation of meteoric iron-bearing waters was 
involved; that the more advanced alteration of the Trabuco resulted 
from its greater permeability and its greater content of ferruginous 
minerals. Finally, Moore stated that in his opinion the Trabuco has 
no valid basis as a distinct formation and that it should be consid 
ered as one with the superjacent unaltered conglomerates. Leo G. 
Hertlein and U.S. Grant’ in 1939 referred to the Trabuco formation 
269 feet of decomposed red conglomerate not exposed at the surfac« 
but penetrated in deep wells in the vicinity of San Diego and lying 
below Chico conglomerates and sandstones and above the Black 
Mountain formation of metamorphosed sedimentaries and intrusives 
THE EVIDENCE 

In connection with a study of the Upper Cretaceous stratigraphy 
and fauna of the Santa Ana Mountains, I mapped in detail the 
Trabuco conglomerate and the overlying gray conglomerate in the 
area between Trabuco and Black Star canyons. The gray conglomer 
ate will hereafter be called the “Baker conglomerate”’ in accordanc 
with the names first used in a report on the fauna of the area.* The 

6*“Geology of the Southern Santa Ana Mountains, California’ (Doctor’s thesis 
Calif. Inst. Technology, 1930), pp. v, 52-54 

“Geology and Oil Possibilities of San Diego County, California,” State Minin; 
Bureau, 35th Ann. Rept. State Mineralogist (January, 1939), pp. 74-76 


®W. P. Popenoe, ‘‘Upper Cretaceous Mollusca from Southern California,” Jour 
Paleontol., Vol. XI, No. 5 (1937), p. 380 
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approximate surface outcrop of these conglomerates is shown on the 
map of the area (Fig. 1), while the characteristics of the members 
with their relationships to the remainder of the Cretaceous section 
and to the basement are summarized in the diagram (Fig. 2). The 
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Fic. 1.—Sketch map of parts of Orange and Riverside counties, California, show 
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ng exposure area of Trabuco and Baker conglomerates 


top of the Trabuco was mapped at the level where the conglomerates 
change from red to gray and from loose and friable to well-consoli- 
dated and hard. 

Pebble counts of approximately a hundred pebbles were made at 
four different stratigraphic levels at each of four localities spaced at 
approximately 2-mile intervals along the strike. The positions of 
these localities are indicated on the sketch map. The four strati 
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graphic levels sampled at each locality are: station 1, about 10-25 
feet above the base of the Trabuco conglomerate; station 2, ap- 
’ 
> 
a Conglomerates, sandstones and clays with occasional thin 
= coal beds. Mostly of Martinex Eocene age Partly marine, 
x partiy non-marine. 
w 
ge 
MUMCOMNC ADMIT we 
UNGONFORMH-¥ 
© Thin-bedded, light-colored, ferruginous , micaceous, 
| ond shaly sandstones alternating with more massive beds 
% %| of calcareous sandstones or sandy limestones. Locally highly 
33 fossiliferous. Marine. Thickness about 420 ft. 
‘lez 
ae 24 
2/55 
33 
°o 5 
w "ite Soft, light-grey to white, highly feldspathic and 
°o 3 | micaceous conglomerates and congiomeratic sandstones. 
“ é Unfossiliferous, Morine? Average thickness 200 ft. 
e 
oa —UNGONFOR MEF 
4 
e a Seft, brownish-grey to bluish-grey micaceous sandy 
| shale or siltstone , with locally developed arkosie sandstones j 
33 and thick conglomerate lenses. Marine. Highly fossiliferous | 
« =| 2 | in the upper half. Thickness 1500 ft. or less. 
~ 
a és 
aia = Light-colored, rather firmly cemented, cliff-forming 
> ° = boulder conglomerate below grading upword into coarse 
¥ @| arkosic sandstones above . Sandstones become progress- 
<3 ively finer toward the top of the section and grade into 
* the Holz shale. Highiy fossiliferous in the upper half. 
Marine. Thickness approximately ico ft. 
o 
2/\°o2 Soft, red, deeply-weathered, poorly sorted , coarse, unfossil- 
s Ae iferous boulder conglomerate. Non-morine ? Average 
a <3 thicknes® 300-400 ft. 
a 
a 
2 UNCONFORMIT-¥ 
Pm 
2 Metamorphosed sedimentary rocks of Triassic age 
9 | overlain and intruded by a variety of iqneous rocks. | 
& 














Fic. 2.—Generalized stratigraphic column of Upper Cretaceous rocks and associated 
formations in the vicinity of Williams Canyon, Santa Ana Mountains. 
proximately at the middle of the Trabuco section; station 3, ap- 
proximately 10-25 feet below the top of the Trabuco; station 4, 
approximately 10-25 feet above the base of the Baker conglomerate. 



















































HISTOGRAM OF COMPOSITION. STATION | STATION 2 STATION 3 STATION 4 
BY LARGER ROCK TYPES) % EA %, 7. 
< an tes 
‘« p-Grained Gronitic Rx 
- Jic Lovas and porphyries 
Z| Metamorphics 
| Sedimentary Rx 
i= 
| 
® andesites 
fal arse-Groined Granitic Rx 
| dic Luvas and porphyries 
<j Metomorpnics 
S] Sedimentary Rx 





¢ 


ohn SEE 


OCALITY 





LLOCALITY 


sites 
arse -Grained Gramtic Rx 
Acidic Lavas and porphyries 





Metamorphics 
edimentary Rx 


LOCALITY D 


ndesites 

yrse-Grained Gronitic Rx 
Acidic Lovas and porbhyries 
Metomorpnics 

edimentary Rx 





TABLE 1 













































































NUMERICAL ANALYSIS OF PEBBLE COUNTS 
LOCALITY A LOCALITY B LOCALITY C LOCALITY D0 
COMPOSITION STATION STATION STATION 2 TION 
(BY SPECIES) 2>s;4/fisf2Ts {4 3,4 314 
Andesite Porphyry 73 |64 |20|/75 19] 115 16 2 liz | 5 
Andesite Breccia 9/4] 6] 4]2 ' \ | 
Andesite, Glassy 5 ji2 | 
Granite, Coorse-Grained 2 ' 5 4 
ranite, Fine-Grained 5| 6] ¢€ | 
anite, Graphic ' | | ' | 
te Porphyry ' , € 5 | 2 
Pegmatite | i 
ranodiorite ! 2 5 4 | 
Aplite 5 | ‘| | 
Rnyolite ? Porphyry 4 5 | | 4 ) | 3 
® Vein Quartz 4 | 2) 4) 2 | 5 
# Basalt ? | 
Serpentine s| ' | | 
Schi st } | 
*Metamorphics” | 5 6 912 | 5 } 
} | 
| | | 
Arkose | é s7 155 |51 | 2e 5 6 lz 
Sandstone | ‘}egula 2 5 
Quertzite 4|i7 7/13 | 31 | 29 2) 18 | 1 45 | 
Chert 8 " 6 127 4 59 | 28 | 55 5 | 2 
Shale 2 | 1 5 115 
| 
Shale, Siliceous | 4 | 2 | 4 
‘ongiomerate | j | 
Grit | | | | | | 
# Omitted in tables below | | 
| | 
TOTAL 17 | 98 108 jio4 99 }i02 ju it foe | 9 2 | 
COMPOSITION 
(BY LARGER ROCK TyPES) 
| lok 
Andesites 92 | 68) 535) 9 ' ‘ a 9 | 25) 15 cs 
Coarse-Grained Granitic Rx 5 6 | 9 § | 5 
Acidic Lavas and porpnyries 7 i| 3 9 8 5 14 
Metamorpnics s| > 4 | 
Sedimentary Rx 56 | 83 | 7) [66 Leo je | ee 
ROUNDING % % 
Rounded 4 4| if | | | 
Subrounded 54| 20] 33| 27 |30}17| 8117 2| 28/28 |» 
Subangular 47| 73] 50/59]55 1/61 | 87] 85 I¢ 60 >I et 
Angular 5 7} 13 | 14]14] 20 5] | « i 
| ae 
PEBBLE SIZE 4, , % 
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The pebbles were taken at random from limited exposures and classi- 
fied in the field as to (1) rounding, (2) size (i.e., greatest dimension), 
and (3) composition. The method of classification, while necessarily 
inexact, is believed to be sufficiently diagnostic to show constant dif- 
ferences, should these exist. The results of the counts are tabulated 
in the chart (Fig. 3 and Table 1). 

In the original pebble counts, statistics of rounding were compiled 
for the separate size groups as given in Figure 3. It was found, how- 
ever, that the two smaller size groups were so similar in degree of 
rounding that they might be considered together. Most of the peb 
bles over four inches in size were subrounded; but these formed so 
small a proportion of the total count from each station that they 
could be disregarded in considering the evidence. Therefore, no sub 
divisions as to size were made in charting the data for rounding. 

The evidence gathered in the course of the work is presented under 
a number of subheadings as follows: (1) general geologic features, 

2) structure, (3) color, (4) consolidation, (5) composition, (6) round 
ing, and (7) pebble size. 
GENERAL GEOLOGIC FEATURES 

The Trabuco conglomerate and overlying Baker conglomerat« 
outcrop along a continuous narrow strip for a distance of about 10 
miles, extending in a northwesterly direction from Trabuco Canyon 
to Black Star Canyon. Good exposures are numerous. The contact 
between the Trabuco and Baker conglomerate is usually sharp but 
in some places appears to be gradational with red and gray beds 
alternating through a stratigraphic interval of 15-20 feet. The Tra 
buco is massive. It is hence difficult to get an exact measure of its 
attitude and thickness. It appears to have about the same strike as 
the Baker member, for there is no discernible overlap of younger 
beds upon older throughout the outcrop exposed; and the articles by 
Woodford and Southwick cited earlier suggest a continuation of this 
relationship at least 15 miles south of the region discussed in this 
paper. The Trabuco appears to have approximately the same dip as 
the Baker member, judging by the attitude of the upper surface of 
the basement rocks and the few dips that can be measured in the 
conglomerates. These facts indicate that the conglomerates are 
probably conformable. 




















THE TRABUCO AND BAKER CONGLOMERATES 745 


The thickness of the Trabuco cannot be determined precisely but 
appears to vary between 300 and 400 feet in the area studied. It 
may thin to the south somewhat as Southwick indicates. The Baker 
conglomerate south of Silverado Canyon averages about 100 feet 
thick. North of Silverado Canyon it merges above with boulder beds 
that are developed in the basal part of the Holz shale. The con- 
glomerates in this region are nearly 1,000 feet thick. 

The surface expressions of the two conglomerates are markedly 
different, and the differences are constant. The Trabuco, being much 
less resistant than either the basement below or the Baker con- 
glomerate above, has been eroded into a persistent, depressed belt 
lying between two highlands. Bordering this depressed belt on the 
southwest the Baker conglomerates maintain a steep bare-faced 
cliff. 

STRUCTURE 

In general, the Trabuco conglomerate shows no bedding through- 
out considerable thicknesses and for long distances along the strike. 
In a few places sandstone lenses alternate with pebble bands to pro- 
duce a roughly stratified appearance. In the Baker conglomerate 
bedding is thick but rarely massive and is usually readily evident on 
limited outcrops. 

COLOR 

Probably the most evident difference between the two conglomer- 
ates is that of color. The Trabuco is nearly everywhere a deep ma- 
roon. The coloring material occurs as a superficial coating on com- 
pact and resistant pebbles such as cherts and quartzites, penetrates 
nearly or quite to the centers of the more friable pebbles, and is 
present as a fine earthy powder distributed throughout the mass. 
Arkosic lenses show white sand grains coated with and cemented by a 
deep-red earthy cement. 

lhe Baker conglomerate is commonly gray or brownish-gray, 
sometimes with an olive tinge. This color results from a blend of the 
original varied colors of the individual pebbles altered in places by 


slight superficial weathering and staining of the exposures. 


CONSOLIDATION 
lhe Trabuco conglomerate is only weakly cemented. In most 
places unsorted pebbles and cobbles of all sizes have been dumped 














746 W. P. POPENOE 


together and the spaces between the larger cobbles filled with small 
pieces of disintegrated rocks without a binder. In a few places there 
is local cementation, especially of the arkose lenses, but this is usual- 
ly not firm. Hillocks and ridges underlain by the Trabuco show soft- 
ened rounded contours and a tendency to development of a soil 
cover. 

The Baker conglomerate, in contrast, is firm and fairly well ce- 
mented and shows some development of a sand matrix. The ex- 
posures are usually of fresh rock ordinarily without soil or plant 
cover. 

COMPOSITION 

The principal rock types composing both conglomerates are an- 
desitic rocks and a variety of metamorphosed sedimentaries in va- 
ried proportions. The andesites vary considerably in texture. The 
sedimentary rocks are principally arkoses, arkosic sandstones, 
quartzites, more or less silicified shales, and cherts. The andesites 
and sedimentaries together make up 80-90 per cent of the pebbles 
counted from nearly every station, though from two or three stations 
in the northernmost locality unusually large numbers of rhyolite and 
granite-porphyry pebbles are found. The proportion of andesites to 
sedimentaries varies greatly not only along the strike but at different 
levels in the same section. In a few places andesites greatly predomi- 
nate, and sedimentary rocks are almost absent. In other places ex- 
actly the opposite condition holds. These variations seem to have no 
definite relation to position in the section or to locality, and no corre- 
lation appears possible between composition of the conglomerates at 
any given locality and composition of the basement rock near by. In 
that locality where andesites comprise the greater proportion of peb- 
bles, the basement rock is a thick shale; in another section, where 
sedimentary rocks predominate in the conglomerates, the basement 
rock is andesite. Both sediments and andesites found in the con- 
glomerates resemble strongly the basement rocks of those types 
found near by, and they have most probably been derived from these 
sources. 

Coarse-grained granitic and granodioritic boulders are widely dis- 
tributed throughout the conglomerates, though in most cases they 
form less than 1o per cent of the pebbles counted and at some sta- 
tions were not found. These rocks comprise most of the largest 
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boulders and thus form a larger proportion of the total volume of the 
conglomerates than their number would indicate. They are rare 
among the smaller pebbles. Aplites and felsic hypabyssal or effusive 
rocks are likewise present but generally rare. 

ROUNDING 

Scarcely any of the pebbles counted in either conglomerate were 
well rounded. Between 15 and 4o per cent were subrounded; from 
47 to 83 per cent were subangular; while usually less than 15 per cent 
were angular, though in three stations the angular pebbles exceed 
that proportion. There is little basis for separation of the Trabuco 
and Baker conglomerates on the degree of-rounding; and there is no 
apparent correlation between the observed variations in rounding at 
the different stations and either locality, stratigraphic position, or 
composition. Angular and subangular pebbles together make up 
from 60 to go per cent of the pebbles counted, indicating deposition 
near their source rocks. 

PEBBLE SIZE 

About go per cent of the pebbles counted fell between the 1-inch 
and 4-inch limits, with this majority fairly evenly divided between 
the 1-2-inch and the 2-4-inch limits. Pebbles from 4 to 6 inches in 
greatest dimension formed usually less than 10 per cent of the num- 
ber counted. Those exceeding 6 inches in diameter were few and in a 
number of stations were lacking. No correlation seems possible be- 
tween position in the section and average pebble: size. Hence this 
character gives no basis for separation. 

In summary, the Baker and Trabuco conglomerates are alike in 
the composition, angularity, and size of their contained pebbles. 
They differ slightly in bedding; and they differ markedly in topo- 
graphic expression, color, degree of alteration, and consolidation. 
These marked differences all appear to be simply manifestations of 
the different degree of weathering undergone by the two conglomer- 
ates. 

CONCLUSIONS 

The Baker conglomerate is evidently marine. Packard? and 
Moore’® have both reported finding marine fossils in the matrix, and 
the member grades up into and in places interfingers with sandstones 


»“Faunal Studies...., ” op. cit., p. 141. 1°Op. cit., p. 58. 
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containing marine fossils. The member apparently represents a typi- 
cal basal conglomerate. 

Unequivocal evidence for the origin of the Trabuco conglomerate 
is lacking. Joseph Barrell" has argued that marine basal conglomer 
ates of an advancing sea will usually not form to thicknesses greater 
than 100 feet, though thicker conglomerates may form where a sea 
transgresses a land of considerable relief. He states also that a sea 
advancing across gravelly coastal or fluviatile deposits will usually 
deposit a thin basal conglomerate, unless the land surface submerged 
has a rather steep seaward slope, and therefore the principal thick 
ness of the basal gravels will be nonmarine. Both of these statements 
would tend to support a continental origin for the Trabuco. It is 
probable, however, that the maximum observed thickness of the Tra 
buco is well within the thickness possible for marine conglomerates 
accumulating under exceptional conditions. Barrell’s arguments 
thus give little basis for determining the origin of the Trabuco con 
glomerate. 

Packard, in discussing the Trabuco formation, stated: ‘The pe 
culiar color, the angular form of most of the pebbles and sand grains, 
and the lack of marine fossils suggest that the Trabuco formation 
was deposited upon a narrow coastal plain by torrential streams aris 
ing in a mountainous region but a short distance to the eastward.’’” 
The Trabuco appears to be wholly unfossiliferous, and this at best 
gives simply negative evidence for the origin of the formation. The 
angularity of the pebbles in the Trabuco can scarcely be considered 
valid evidence of nonmarine origin, considering the equal angularity 
of the pebbles of the overlying Baker conglomerate. 

It might be argued that the color and the altered condition of the 
Trabuco boulders result from redeposition of red and weathered 
source rock. This idea is rejected for two reasons. First, many of the 
larger cobbles—particularly the andesites—are so badly decayed 
that only the support of surrounding rock on all sides permits them 
to maintain their shape. Upon removal of this support the cobbles 
disintegrate under their own weight. Obviously such rocks could not 


"Marine and Terrestrial Conglomerates,” Bull. Geol. Soc. Amer., Vol. XXXVI 
(1925), pp. 306-12 
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2 “Faunal Studies . 
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survive transportation. Second, the action of any aqueous transport- 
ing medium would tend to separate the finer, clayey particles of the 
conglomerate from the sands and pebbles and would either leave the 
pebbles washed clean or result in alternating beds of clay and coarser 
material depending upon the uniformity of action of the medium. It 
may be assumed, then, that the Trabuco conglomerate was weathered 
to its present condition after its deposition. 

As yet, the conditions under which red sediments form are not 
completely understood. The older view—that red beds indicate con- 
tinental deposition in desert or arid environments—s no longer gen- 
erally held. It is now believed by some’ that red sediments, except- 
ing those formed from originally red source rocks, are most generally 
formed on land in an environment of fairly warm climate, abundant 
but seasonal rainfall, and good drainage. If the climate is too arid, 
oxidation does not take place, and the color of the sediment repre- 
sents the mass effect of the colors of the source rocks. If the drainage 
is poor, reduction of iron compounds rather than oxidation is likely 
to result, and the altered rock will be gray or black. Red muds col- 
ored by iron oxide are known to accumulate in the deep sea; but I 
know of no example of shallow-water clastics, such as conglomerates, 
being oxidized to red in a marine environment. It therefore seems 
probable that the Trabuco was altered to its present condition above 
the sea. 

In considering the hypothesis interpreting the Trabuco as a 
weathered phase of the marine basal conglomerate, it is difficult to 
understand how any system of circulating meteoric waters would 
restrict its oxidizing action so uniformly and over such a broad area 
to the lower three-quarters of a porous rock body 500 feet thick. One 
would expect considerable irregularity in the upper surface of such 
an altered zone, depending upon the varying permeability of the 
rock, the contours of the land surface at the time alteration took 
place, and the drainage pattern of the country. Also, the unaltered 
conglomerate is above, the altered rock below; meteoric waters af- 
fecting the Trabuco conglomerate would necessarily first have to 

W. H. Twenhofel, Treatise on Sedimentation (2d ed.; Baltimore: Williams & 


Wilkins Co., 1932), pp. 777-78; R. D. Reed, ‘‘Sespe Formation, California,” Bull. A mer. 
Assoc. Pet. Geol., Vol. XIII (1929), p. 505. , 
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pass through the upper beds and, as the oxidizing effect of such 
waters is ordinarily most active near the surface, the uppermost beds 
should be most thoroughly weathered, other things being equal. The 
explanation has been offered that the Trabuco is more permeable 
than the Baker conglomerate and contains a higher percentage of 
ferruginous minerals and more arkose. But it seems probable that 
the greater permeability of the Trabuco is due to the fact that it has 
been weathered rather than the reverse; and a reasonable doubt ex 
ists that there is sufficient difference in composition to be of moment. 
A quantitative determination of the relative proportions of arkos« 
and iron-bearing minerals of the two conglomerates is difficult with- 
out a thorough petrologic analysis of the matrixes; but even super- 
ficial examination of the matrix of the Baker member shows that it is 
highly arkosic and contains much unaltered mica and other fer 
romagnesian minerals such as hornblende and pyroxenes. 

One of the points advanced to show the essential unity of the 
Trabuco and Baker conglomerates is that the alteration of the Tra 
buco sediments took place after deposition of the formation. Avail 
able evidence supports this conclusion fully; but this does not in any 
way indicate that alteration of the Trabuco took place after deposi 
tion of the Baker conglomerate. If the Trabuco is interpreted as a 
flood-plain deposit—as Packard suggests—similar to the washes that 
are now forming along the piedmont fronts of many California 
ranges, we would expect alteration under suitable climatic conditions 
to begin as soon as deposition took place and to continue as long as 
the deposit remained above the sea. The basal layers of the flood 
plain, being longest subject to weathering, might be more altered 
than those above. Upon transgression of the sea across the flood 
plain, fresh marine conglomerates would accumulate directly above 
the weathered conglomerate. The final succession would therefore be 
what we now find in the Santa Ana Mountains. The more resistant 
rocks present in the weathered flood-plain sediments would be re 
worked as the basal conglomerate of the advancing sea, together 
with additional material brought down by streams debouching along 
the coast. 

It has already been noted that there is evidence that the Trabuco 





formation extends 15 miles south of the region here studied and that 
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a red conglomerate, lying below marine Upper Cretaceous and above 
Triassic(?) metamorphics, has been penetrated in wells near San 
Diego. H. W. Hoots" has likewise described, in the Santa Monica 
Mountains a few miles west of Los Angeles, a red incoherent, deeply 
weathered conglomerate overlying the Santa Monica slates of unde- 
termined age and underlying marine Upper Cretaceous conglomer- 
ates and sandstones. It is not known that the basal marine Creta- 
ceous beds of San Diego and of the Santa Monica Mountains are the 


S 


me age as the Baker conglomerate and overlying fossiliferous sand- 
stones; but there is some evidence that this may be so. The lithologic 
succession is similar in the three areas. 

To explain the features observed we may present several alterna- 
tive hypotheses: (1) Previous to the transgression of the Upper Cre- 
taceous sea in southern California, similar conglomerates accumu- 
lated over large areas, were subaerially weathered, and then were 
covered by the sea. (2) The lower part of the marine Upper Creta- 
ceous basal conglomerate was weathered after deposition throughout 
a thickness of several hundred feet, over a distance of nearly 150 
miles, and to an advanced degree. The weathering did not affect the 
top one-third or one-quarter of the basal conglomerate. (3) The Tra- 
buco conglomerate might be interpreted as a marine deposit that had 
been uplifted, weathered subaerially, and subsequently transgressed 
by the Upper Cretaceous sea. There seem to be no reasons for adopt- 
ing such a hypothesis, and several facts oppose it. It would require 
elevation of the land at least equal to the thickness of the formation 
to permit weathering of the mass to its base and would require main- 
tenance of this elevation for a time sufficiently long to permit ad- 
vanced decomposition of the material. Erosion, accelerated by the 
uplift, would be working on an unconsolidated deposit. Streams 
reaching the coast would necessarily cross the outcrop of the Trabuco 
and would doubtless rapidly cut channels to the base of the forma- 
tion. Upon resubmergence of the area, these channels would tend to 
fill with unaltered sediments. The end result would be a formation of 
discontinuous distribution and very variable thickness. These fea- 
tures are not to be seen along the Trabuco outcrop. On the whole the 
first explanation given seems most reasonable and probable. 


U.S. Geol. Surv. Prof. Paper 165-C (1931), p. 90 
; h . I 
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In summary, available evidence supports Packard’s theory of 
origin of the Trabuco conglomerate. The formation is probably land 
laid, although evidence for this is neither so full nor so precise as is 
desirable. It is held that, whatever its origin, the Trabuco is a strati 
graphic and depositional unit, distinct from the Baker conglomerate. 
The alteration of the Trabuco apparently took place after its deposi- 
tion and before deposition of the Baker member and is believed to be 
due to ordinary atmospheric weathering processes and circulation of! 
ground waters. 

An important by-product of this study is the indication that two 
conglomerates of different age and origin may be so similar in com- 
position and rounding of the pebbles that they cannot be distin 
guished in the field by these features. In this case the similarity ap- 
pears to be due to the probability that the conglomerates had a com 
mon source rock; the pebbles and boulders in each case were carried 
but a short distance before deposition and were laid down rapidly. 
Had arid climatic conditions prevented deep weathering of the Tra 
buco, separation of the two conglomerates by usual field methods 
would be difficult if not impossible. This suggests that a thick unfos 
siliferous conglomerate with apparently uniform physical features 
may have accumulated in more than one type of environment. It is 
hoped that further development of methods similar to those used by 
W. C. Krumbein’’ in studying the gravels of San Gabriel Canyon 
may furnish dependable criteria for determining the origins of such 


deposits. 
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NEW SPECIMENS OF PERMIAN VERTEBRATES 
IN 
WALKER MUSEUM 


EVERETT CLAIRE OLSON 
University of Chicago 
ABSTRACT 

Four important specimens of Permian tetrapods which have been added to the col- 
lections of Walker Museum within the last four years are described and figured. 
Bayloria morei, genus and species new, is a diminutive pelycosaur from the Arroyo 
formation of Baylor County, Texas. It is a very primitive member of the order. 
Ophiacodon major Romer and Price is described on the basis of much more adequate 
material than has been available heretofore. Two recently mounted skeletons, one of 
Seymouria baylorensis Broili and one of Trematops milleri, are described. 

INTRODUCTION 

Since 1935, field parties, under the direction of the writer, have 
carried on exploration and excavation in the Clear Fork beds in the 
vicinity of Seymour, Texas. A few short papers concerning some of 
the finds have been published, but, because of the writer’s preoccupa- 
tion with a collection of therapsid reptiles from South Africa, a num- 
ber of specimens have not been described. In this and subsequent 
reports the important specimens and faunal associations will be 
considered. 

ORDER PELYCOSAURIA 
SUBORDER OPHIACODONTIA 
FAMILY EOTHYRIDIDAE! 
Bayloria, N. GEN. 

Genotype.—Bayloria morei, new species, W.M. 1639. Skull and 
lower jaws. 

Diagnosis.—Preorbital region of skull short. Nasals short, frontals 
long, touching dorsal margin of orbit. Parietal relatively short, pos- 
terior part depressed. Pineal foramen large, lying at anterior margin 
of depressed part of parietal. Postorbital large and platelike. Occip- 

' A. S. Romer and L. I. Price, “Review of the Pelycosauria,” Geol. Soc. Amer. Spec. 
Paper No. 28 (1940), pp. 18, 246-51. 
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ital plate nearly vertical. Canine teeth enlarged. Anterior incisors 
long and somewhat recurved. Postcanines short, conical, and dimin- 
ishing in length posteriorly. Lower jaw slender with pronounced 
internal process at posterior end. 





Fig. 1.—-Bayloria morei n. gen. and sp. A, skull and lower jaws in lateral aspect 
B, skull in dorsal aspect. X 2. Fr., frontal; /pa., interparietal; Ju., jugal; La., lacri 
mal; Mx., maxillary; Na., nasal; Pa., parietal; Pof., postfrontal; Smx., septomaxillary 
Sq., squamosa]; S/., supratemporal 


Bayloria morei N. sp. (FIG. 1, A AND B) 
Holotype.—Same as genotype. 
Horizon and locality——Arroyo formation, lower Permian, west 
bank of Brushy Creek, Baylor County, Texas. 
Diagnosis.—Skull length 28.5 mm. Interorbital width 7 mm 
Sixteen teeth, four on premaxillary, twelve on maxillary. First and 
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second premaxillary teeth elongated, fourth maxillary tooth canini- 
form, second and third elongated. All teeth simple cones. 

Description—tThe skull has suffered some distortion, particularly 
in the temporal region. The preservation of the occiput and palate 
is not such as to permit detailed study, but the interpretation of 
much of the dermal surface of the skull can be carried out accurately. 
The condition of the premaxillary and nasal is clearly shown in 
Figure 1 and needs no discussion. The frontal is very long and has a 
broad contact with the dorsal margin of the orbit. The prefrontals 
are small but are normal in structure, while the lacrimal is very large 
and extends from the orbit to the nares. The maxillary is very re- 
stricted dorsoventrally but is quite elongate, passing back to the 
level of the posterior margin of the orbit. The septomaxillary ap- 
pears to be strongly developed, but its condition is not altogether 
clear. On the left side of the skull there appears to be a foramen pass- 
ing between this element and the lacrimal, but on the right side this 
opening is absent. It may be that the opening is accidental, although 
it gives every appearance of being natural. 

The nares, orbits, and temporal fenestrae are relatively large—a 
feature which is probably correlated with the very small size of the 
skull. The jugal passes forward from the temporal fenestra to the 
orbit and sends a spurlike process anteriorly under much of the ven- 
tral margin of the orbit. Its posterior limits are uncertain, as a result 
of the rather poor preservation in the temporal region. The post- 
frontals are small, wedge-shaped elements which lie between the 
postorbitals and frontals. 

The nature of the parietal is rather puzzling. It appears to be a 
very broad bone which passes laterally to occupy all the dorsal shelf 
of the posterior part of the skull. A tabular bone might be antici- 
pated lateral to it, but no suture indicating the position of such an 
element has been found. It may be that the rather poor preserva- 
tion in this region has obscured a suture which actually was present. 
lhe most interesting feature of the parietal is that the posterior part 
lies below the level of the rest of the bone. This condition appears to 
be a natural one. The pineal foramen lies at the apex of this more or 
less triangular, depressed area, well forward of the posterior margin 
of the parietal. The depressed area is nearly horizontal and does not 
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seem to represent a condition which would lead toward the develop- 
ment of a sloping occipital plate. Lateral to the parietal is a small 
element interpreted as supratemporal. As in the case of the other 
elements in this region, the determination of the exact limits of this 
bone is difficult. 

The lower jaw is long and slender. No angular notch is present. 
The articular is projected medially to form a large, posterior plate 
which articulates with the quadrate. No other elements of the lower 
jaw can be delimited. 

Discussion —This specimen has been named generically after the 
county in which it was found and specifically in honor of Mr. Robert 
More of Vernon, Texas, through whose kindness and co-operation 
work in the Clear Fork beds has been made possible. 

The inclusion of the form in the Synapsida has been based prin 
cipally upon the presence of the large, ventral, temporal fenestra, 
for in few other respects does the specimen differ decidedly from 
certain of the Captorhinomorph cotylosaurs. The short facial region 
and the presence of caniniform teeth on the maxillary as well as the 
general primitive nature of the skull indicate that this genus is re 
lated to Eothyris and that it belongs in the same family as this form. 

Bayloria is primitive in the following characters: 

1. short facial region 

2. limited dorsal extent of the maxillary 

3. low and broad skull proportions 

4. great extent of the lacrimal bone 

5. relatively large supratemporal 

6. extent of parietal back of the pineal foramen 

7. nearly vertical occipital plate 

8. presence of interparietal on dorsal surface of skull 


A number of these characters occur in Eothyris.? The maxillary 
of Bayloria is less extensive than that of Eothyris, and the occipital 
plate of the former is more erect, the interparietal being more com- 
pletely on the dorsal surface of the skull. In the nature of the dorsal 
border of the orbit, the post- and prefrontals meeting in Eothyris, in 
the small anterior extent of the jugal, and, perhaps, in the small size 


2 Romer, ‘‘New Genera and Species of Pelycosaurian Reptiles,” Proc. New England 
Zool. Club, Vol. XVI (1937), pp. 89-96. 
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of the temporal fenestra, Eothyris appears to be more primitive than 
Bayloria. Eothyris, although occurring in an older formation, does 
not appear to be directly ancestral to Bayloria, and the stratigraphic 
position of Bayloria excludes it from the ancestry of other pelyco- 
saurs. The specimen is of great interest, however, in showing that 
representatives of this very primitive group of pelycosaurs existed 
well into Arroyo time. 

B. morei was found in direct association with Euryodus primus 
Olson, in a small pocket described in an earlier paper.’ Traces of 
Lysorophus occur in this pocket as well as a few fragments of larger 
animals. In addition there is an undescribed amphibian with a skull 
about twice the length of that of Euryodus and possibly related to 
that form. Preservation of this amphibian, which is represented in 
the fauna by two skulls, is not sufficiently good to warrant descrip- 
tion. 

FAMILY OPHIACODONTIDAE 
Ophiacodon major ROMER AND PRICE (FIGS. 2 AND 3) 

Ophiacodon major, recently named by Romer and Price,‘ has been 
known only from rather fragmentary remains. The type specimen, 
A.M. 4109, consists of a series of ten vertebrae which were originally 
described by E. C. Case.’ A few other specimens of this large species 
of Ophiacodon have been found, but no specimen has approached 
completeness, and no adequate description has been possible. In 
the summer of 1937 William F. Read, a member of a field party from 
Walker Museum, discovered a nearly complete column, the pelvis, 
some ribs, and part of the skull of a specimen which is clearly refer- 
able to O. major. The specimen occurred in a gray clay member of 
the Clyde formation under the scarp of the Lueders limestone about 
a half-mile east of the road between Mabelle and Vernon, Texas, and 
about a mile south of the bridge over Big Wichita River in Baylor 
County. 

The specimen is an exceedingly large pelycosaur, reaching an esti- 

“The Fauna of the Lysorophus Pockets in the Clear Fork Permian, Baylor County 
rexas,” Jour. Geol., Vol. XLVII (1939), pp. 389-07. 
4 Op. cit., p. 246. 
> “Revision of the Pelycosauria of North America,’ Carnegie Inst. Wash. Pub. 55 


1907), p. 28. 
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mated length of about 12 feet. The posterior part of the column was 
in articulation when found, and most of the anterior vertebrae wer« 
in sequence, although somewhat separated, as a result of slumping 
in the surrounding clay. Twenty-two presacrals, 2 sacrals, and 13 
caudals are well preserved. Most of 5 additional presacrals were re- 
covered, but they are rather badly damaged. The total number of 
presacrals appears to be 27, for the presacral column as preserved 
seems to be complete. Various parts of ribs were found close to the 
column, but in no case was there actual articulation. No trace o/ 
ventral ribs was found. The pelvis is nearly complete, only the 
caudal process of the right ilium and the anterior margins of th 
pubes being damaged. Many fragments of the skull and lower jaws 
were found, but they had been washed from the matrix, and many 
pieces were absent. No shoulder girdle or limb bones were present. 
Vertebral column.—The principal features of the representativ: 
vertebrae are shown in Figure 2. The atlas and axis are similar to 
those in other species of Ophiacodon, except that they are somewhat 
larger. There is a very large intercentrum between the atlas and the 
occipital condyle. The anterior cervical vertebrae are elongated and 
have posterolaterally directed transverse processes. The dorsals 
have a single transverse process, resulting from the coalescence of 
the dia- and parapophyses. These vertebrae have a strong ventral 
keel and are somewhat compressed laterally. ‘Ihe lumbars have the 
dia- and parapophyses separated by a notch. The ventral keel is less 


distinct and disappears posteriorly. No description of the two sa 


rals is necessary. They are shown in Figure 2 and, except for size 
are essentially the same as those of the other species. Distinct dia 
and parapophyses occur on the anterior caudals. On the first four 
the processes lie very close together, but posteriorly they becom 
more widely separated. The ninth caudal, and all succeeding verte 
brae which are present, have a single transverse process. Intercentra 
appear to have been present throughout the column, but only a few 
/ 


have been preserved 


The measurements used in the following table are the same a 


( 


those used by Komer and Price 1) the greatest length of centrum 


2) width of centrum at posterior end; (3) height of centrum po 
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hic, 2, Ophiacodon major Romer and Price. A, atlas; B, cervical vertebra; C, dor 


il vertebra 132; D, lumbar vertebra 24; /, sacral vertebrae; F, caudal vertebra 


G, caudal vertebra 9; HW, anterior part of ramus of right lower jaw. X } 














760 EVERETT CLAIRE OLSON 


teriorly; (4) height from bottom edge of centrum to top of posterior 
zygapophyses. All measurements are in millimeters. 

Comparing these measurements with those of the type specimen in 
which one caudal and two lumbars have been measured, it is ap- 


TABLE 1 


MEASUREMENTS OF VERTEBRAE 


I 2 (3) (4 
Caudal 2 36 40 40 57 
Sacral 2 43 44 48 56 
Lumbar 24 37 44 45 
Dorsal 13? 35 36 42 54 
Cervical 45 36 41 





FIG. 3.—Ophiacodon major Romer and Price. Pelvis, lateral aspect of left half. Pubis 
partially restored from right half. « 4 


parent that the specimen described in this paper is somewhat larger. 
Also the proportions of the proximal caudal are somewhat different. 
The differences are not nearly great enough to warrz e erection 
lhe differen re not nearly great enough t rrant the erectior 
of a new species. 
Ribs.—For the most part, only fragments of ribs were preserved. 
, : 8 


The sacral, caudal, and lumbar ribs appear to be similar to those of 
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other species of Ophiacodon. Certain more anterior ribs are of con- 
siderable interest. Two are well preserved, and fragments of several 
more were recovered. These ribs are greatly expanded and resemble 
the anterior ribs of Eryops and the enlarged ribs of Diadectes. This 
character would seem to represent a specialization which was fully 
developed only in the last stages of evolution of the genus, only 
slight indications of it being found in earlier species. 

Pelvis—The most striking feature of the pelvis (Fig. 3) is the 
poor ossification—a character which might not be anticipated in a 
large, mature specimen. Lack of ossification between elements of 
the pelvis is characteristic of the genus, but in no mature form does 
it seem to be so pronounced as it is in O. major. Other features of the 
pelvis are shown in Figure 3 and need no discussion. The shelf on 
the caudal process of the ilium is not strongly developed, and the 
ventral symphysis is very weak. 

Skull and jaws.—Very little can be said concerning the skull and 
lower jaws. The anterior part of the ramus of the right lower jaw is 
well preserved. It is very slender but carries strong, blunt, anterior 
teeth and a series of more posterior teeth which diminish rapidly in 
size. The upper teeth show the same general character, being large 
and blunt anteriorly and diminishing in size posteriorly. There 
appears to be more differentiation of the teeth in this species than in 
others which have been described. 

Discussion.—In a number of respects this species appears to be 
more specialized than any other known species of Ophiacodon. The an- 
terior ribs are expanded, the pelvis is poorly ossified, the caudal ver- 
tebrae are large and possess long dorsal spines, and the teeth show 
considerable differentiation. With the possible exception of the last 
character, the features would seem to be connected with an increas- 
ing adaptation to an aquatic habitat. This trend, evident in Ophia- 
codon, is carried to its maximum in this end member of the genus. 
Associated with the specimen described in this paper were Eryops, 
diminutive pleuracanth teeth, remains of small amphibians, and 
Dimetrodon. All except the last suggest an aquatic habitat. The 
nature of the deposits and the associated flora confirm this con- 


clusion. 
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ORDER COTYLOSAURIA 
SUBORDER SEYMOURIAMORPHA 
FAMILY SEYMOURIIDAE 
Seymouria baylorensis BROILI 

A mounted specimen of S. baylorensis recently has been placed on 
exhibit in Walker Museum. Since this is the first specimen of this 
genus to be mounted, a note concerning it is of interest. The speci 
men was one of three found in a group in the Arroyo formation on 
the west bank of Brushy Creek, Baylor County, Texas. The pr: 
sacral part of the column was in place in the rock and nearly com- 
plete. Part of the girdles were in place, but the dorsal portions had 
been washed from the matrix, and some pieces had been lost. The 
femora and humeri were essentially in position. The lower limbs 
had been moved from their original positions, and, in making the 
mount, it was necessary to select these on the basis of size. The 
mounted specimen is of medium size, one of the others being larger 
and one smaller. About half of the skull was present, broken, but 
lying in position at the anterior end of the column. The other half of 
the skull has been restored. Most of the ribs are present, but the 
matrix was so hard that they suffered some damage in removal, and 
parts have been restored. The specimen was mounted by P. C 
Miller. 

Seymouria has been considered to be a rather rare animal in the 
red beds. Within the last five years, however, the writer has found 
representatives of the genus in a number of localities in association 
with a wide variety of other Clear Fork vertebrates. In most cases 
the specimens have been quite incomplete, suggesting that they had 
been carried into the deposits by running water. 


Class Amphibia 
ORDER LABYRINTHODONTIA 
SUBORDER RHACHITOMI 
FAMILY TREMATOPSIDAE 
Trematops milleri WILLISTON 
As mentioned by the writer in an earlier paper,° a specimen of the 
amphibian 7. milleri recently has been mounted and placed on ex 


“The Family Trematopsidae,” Jour. Geol., Vol. XLIX (1941), pp. 149-76 
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hibition in Walker Museum. This specimen was obtained in 1936 
from the Arroyo formation on East Coffee Creek, Baylor County, 
Texas. It was not in place when found, having been washed com- 
pletely from the red clay in which it had been preserved. The skele- 
ton was scattered over an area of several square yards. Upon ex- 
amination in the laboratory, it was discovered that a nearly com- 
plete individual had been recovered. The vertebral column lacks 
only a number of caudals, but, because of the disarticulation, there 
was some difficulty in determining the position of the various verte- 
brae. The pelvis is complete, and most of the shoulder girdle is rep- 
resented. All the long elements of the limbs are present, but in some 
cases parts of the shafts were damaged. The right forefeet and hind 
feet are complete except for some of the phalanges. The left feet are 
only partially preserved. Ribs are present, but many were damaged, 
and partial restoration has been necessary. Many parts of the skull 
are present, but they were separated and in some cases damaged, so 
that it has been necessary to do considerable restoration. 
T'rematops, like Seymouria, was but rarely found in the early days 
of collecting in the Texas red beds. Within the past few years a great 
many specimens have been obtained from the Clear Fork, and 
parties from Harvard have obtained an equal number of specimens 
of the closely related genus Acheloma from beds of Wichita age. 
\CKNOWLEDGMENTS.—I wish to express my appreciation of the valuable field 
and laboratory assistance of Mr. William F. Read and Mr. Ernest P. DuBois. 




















THE RECESSION OF LYMAN GLACIER 
WASHINGTON 
OTIS W. FREEMAN 
Eastern Washington College of Education 
Cheney, Washington 
ABSTRACT 
The Lyman Glacier is the source of Railroad Creek, a tributary to Lake Chelan 
Measurements begun in 1929 show that by 1940 the Lyman Glacier had retreated 643.5 


feet, an average of 58.5 feet per year. Evidence is given that the glacier has receded a 
total distance of 1,748 feet during the last 40~50 years. 


INTRODUCTION 

In the Glacial period the largest side feeder to the huge glacier 
that moved down the valley now occupied by Lake Chelan came 
from Railroad Creek. Today only tiny remnants of this great glacier 
are left. One of these is Lyman Glacier that covers about three- 
fourths of a square mile at the headwaters of Railroad Creek. 

The valley of Railroad Creek has a length of about twenty-five 
miles. The stream itself issues from Lyman Lake at an elevation of 
5,525 feet and on its journey to Lake Chelan descends more than 
4,400 feet, passing through the mining center of Holden. The Lyman 
Glacier is about twenty-two miles from Lake Chelan and is of the 
crescent-shaped, cliff-glacier type, occupying the north slopes of 
Chiwawa Mountain, a peak with an elevation of 7,700 feet. The 
melting of Lyman Glacier has now separated it into two parts, the 
upper of which has a much steeper slope than the lower section. The 
glacier is easily accessible by highway to Holden and by good trail 
from there. For the last ten years it has been regularly visited the 
last of September by representatives of the Washington Water 
Power Company who have established a bench mark from which the 
recession of the ice front has been measured. Pictures taken in 1907, 


1915, 1930, and 1940 graphically show the recession undergone by 


the glacier. 
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Fic. 1.—Part of the Stehekin quadrangle, showing location of Lyman Glacier 
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Fic. 2.—Railroad Creek Canyon looking east from North Star Mountain with Lee 
Glacier and its moraine in the foreground and Hart Lake below. Domke Mountain is 
at the mouth of the canyon. Copper Mountain on right with the Holden Mine at the 
foot of the mountain in the middle of the valley. (Photo by Lindsley.) 
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NATURE OF RECESSION AND DETAIL 

The earliest photograph (Fig. 4) shows Lyman Glacier in 1907. 
At that time the ice ended only a short distance in front of a log 
cabin which is still in existence (Fig. 5). The log cabin and the trees 
nearby are on the surface of a prominent moraine, where the edge of 
the ice evidently remained nearly stationary for many years. That 
the glacier was active is shown by the large amount of debris de- 
posited to form this moraine when the melting was approximately 
equaled by the advance each year. Figure 4 shows that in 1907 a 
marginal lake made it difficult to approach the ice front which had 
a clifflike character and that the Lyman Glacier was then one con 
tinuous mass. Since this time the ice has not only melted backward 
but has wasted downward to a great extent, though the amount of 
the thinning has not been measured. 

Figure 6 shows the condition of the ice in 1915 when some reces 
sion had occurred. At this time a large mass of bedrock now bare and 
hundreds of feet from the ice front was still covered by the ice. Here 
the Washington Water Power Company’s engineers in 1929 located a 
bench mark from which the recession of the ice is now measured. 
Figure 6 also shows a recessional moraine crossing the shallow 
marginal lake. This ridge, however, is comparatively small and 
indicates that the ice tarried in its retreat only temporarily. A 
second recessional moraine closer to the ice front can be seen in 
Figure 7 taken in 1940. No notable end moraine is now being 
deposited, only ground moraine, the ice melting back so much faster 
than the advance that it is impossible for a terminal moraine to be 
formed. 

Figure 8 shows the condition of the ice in 1930. At that time the 
big rock that caused crevassing in 1915 (Fig. 6) was completely ex- 
posed, and the ice front sloped to the ground instead of ending in a 
cliff, but the glacier was still one mass of ice. Figures 7 and 9 show 
the glacier in the summer of 1940. At that time the front of the ice 
had an even gentler slope than in 1930, and an ice cliff was present 
only locally. A shallow pond lay in advance of the ice front and was 
crossed by two recessional moraines, while Lyman Glacier itself 
had become separated into two parts (Fig. 10). The water from the 
upper portion in part flows beneath the ice in the lower portion and 












Fic. 3.—Lyman Lake, Cascades, and Glacier, September, 1940, from Cloudy Pass. 
Photo by Bill Long.) 





Fic. 4.—Face of Lyman Glacier, August 12, 1907. From this station to 1930—23 
years’ time—the ice has receded about 800 feet. (Photo by Lindsley.) 
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Fic. 5.—Log cabin built in the eighteen nineties within a short distance of the the: 
terminus of Lyman Glacier. Note the high moraine to the right of the cabin that indi 
cates that the advance of the ice balanced the melting for a long time at this position. 





Fic. 6.—Lyman Glacier in September, 1915, showing crevasses. See Fig. 8 for roch 
that caused same. When the 1907 (Fig. 4) photo was taken the glacier ice was about 
at the moraine in lake in foreground. (Photo by Lindsley.) 
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Fic. 7.—Photo taken from the upper slopes of Lyman Glacier, August, 1940. Note 

rock outcrop that divides the steeper upper part from the lower half of the glacier. This 

ck began to appear in the late twenties and the top of it is seen at the upper left sur- 
rounded by ice in Fig. 8 taken in 1930. 





Fic. 8.—Lyman Glacier, October 2, 1930. Showing rock that made crevasse in ice 
as shown in Fig. 5 taken September, 1915. Both the retreat and wasting downward 
of the ice are very obvious. (Photo by Lindsley.) 
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in part on the sides of the glacier especially toward the east. The 
surface of the Lyman Glacier is covered with rock fragments ex- 





Fic. 9.—Lyman Glacier in August, 1940. The big rock uncovered by the retreat of 
the ice is at the extreme right of the view. 





Fic. 10.—Rock wall separating upper and lower Lyman Glacier in September, 1940 
(Photo by Bill Long.) 


posed by the melting of the ice. Pinnacles capped by these frag 
ments are common. Part of the ice is well crevassed, and many of 
the cracks receive drainage from the surface. 
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Records kept by the Washington Water Power Company engineers 
are as follows: 

We measured the distance with a tape from a well-defined reference point to 
the edge of the glacier in September, 1929, 1930, and 1936-1940 inclusive. Our 
measurements show the glacier retreated as follows: 

TABLE 1 
MEASUREMENTS OF RECESSION OF LYMAN GLACIER 


RECESSION 


Feet 

Sept., 1929, to Sept., 1930... 65.5 
Sept., 1930, to Sept., 1931 79.0 
Sept., 1931, to Sept., 1936 289.0 
Sept., 1936, to Sept., 1937 55.0 
Sept., 1937, to Sept., 1938 45.0 
Sept., 1938, to Sept., 1939 52.0 
Sept., 1939, to Sept., 1940 58.0 

11-year average 643.5 


In September, 1931, we measured with a tape and found the total recession, 
from a well-defined glacial deposit boundary line below the old miner’s cabin, to 
be 1,249 feet. Old settlers in the vicinity vouch for the fact that the glacier occu- 
pied this advanced position at the time the cabin was built, some 40 or 50 years 
ago. The total recession from this same point, to September, 1940, is 1,748 feet. 
An estimate of the decrease in thickness of the ice has not been made. 

These figures show that in the last eleven years the ice has been 
retreating at an average rate of about 60 feet a year, the actual 
figures from 1929 to 1940 giving an average rate of recession of 583 
feet per year. The average recession from the time the cabin (Fig. 5) 
was built is about 40 feet per year. However, the presence of two re- 
cessional moraines between the ice front and the prominent moraine 
near the cabin indicates that twice in the last forty or fifty years the 
advance of the ice has temporarily balanced the melting. Probably 
such intervals of static front lasted only three or four years. The 
fact that the ice is getting thinner all the time is hastening the rate of 
recession. If the present rate of retreat continues, there will be little 
left of the Lyman Glacier by the end of the century. 














AN ACTIVE SYNCLINE 
R. H. PALMER 
Habana, Cuba 
ABSTRACT 
On the north coast of Cuba is a syncline in the incipient stage of development. It is 


100 miles long by 11 miles wide, and the vertical differential movement between the 
axis and the north limb is about 20 feet. 


INTRODUCTION 

Geologic structures are usually observed as static features whos 
life-histories are complete. In most cases what the geologist sees is a 
product of dynamic action that to all practical purposes has ceased 
Yet a dynamic structure actually in the course of growth at th 
present time is probably not a rarity, though its true nature may not 
be recognized because tectonic movements, in the main, are gradual 
and the period of human observation is so brief that their progress 
escapes attention. Even when instrumental measurements, repeated 
after a lapse of time, apparently indicate movements, such apparent 
movements may be within the range of instrumental error, and thei! 
reality is open to question. 

When diastrophic movements are taking place along a sea coast 
they provide, perhaps, the most convincing evidence of their prog 
ress. Here small differential changes in elevation of the land surface 
are recorded by the comparatively constant water-level in the form 
of elevated beaches, drowned rivers, and inundated playas. 


THE ROMANO SYNCLINE 

Along the north coast of Camagiiey Province in Cuba a growing 
syncline in an incipient stage of development is convincingly re 
vealed by these shore data. The syncline proper is 100 miles long and 
averages 11 miles in width. However, the total area involved in the 
recent movement is 20 miles wide, extending from the north coast of 
the mainland to the Bahama Channel (Fig. 1). For convenience it 
may be called the ‘Romano syncline,” from the large island, Cayo 
Romano, that is on the north limb. Much of it is now covered by a 
broad sheet of shallow water lying between the mainland and a row 
of large islands which includ:.. Cayos Coco, Romano, Guayabal, and 
Sabinal. The shallow water lies along the axis of the syncline, and 
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the islands constitute a part of the north limb. These islands form an 
almost continuous barrier between the Bahama Channel on the 
north and the inundated synclinal trough. This barrier averages 7 
miles in width and consists of a low surface of recently elevated 
coralline sand in various stages of consolidation. The seaward side 
is a slowly retreating line of low cliffs varying in height up to 10 feet. 
On the other side the surface slopes to the south at a rate of 1 foot to 
the mile; passing under the water it crosses the synclinal axis and 
emerges on the mainland to the south. So gentle is the inclination of 
the surface that a tide of 6 or 8 inches will shift the strand line on the 
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Fic. 1.—Location of syncline and key map 


south side of the keys nearly a mile. The median line of the string of 
islands on the north limb of the syncline is 6-10 miles from the deep- 
est part of the submerged trough which marks the axis. The sub- 
merged portion is from 5 to 12 miles wide, and the water is nowhere 
more than 12 feet deep, with an average depth of about 7 feet. The 
differential movement between the axis of the syncline and the high- 
est point along the Bahama Channel is thus a matter of 20 feet. It is 
apparent from these figures that the syncline is in an early stage of 
its existence. 

lhe evidence that the movement or growth is going on at the 
present time is rather convincing. On both shores of the submerged 
trough the surface material is in the process of being consolidated. 
his consolidation is confined to the beach and does not extend be- 
yond the reach of the spray. The resulting surface is very hard and 














774 R. H. PALMER 







dull brown or red in color, owing to oxidation. It is normally covered 
with small, irregular, jagged points from an inch to a foot in height, 
locally called dientes de perro (‘‘dog’s teeth’’). As might be inferred 
from the above, this induration is due to precipitation from the evap 


















oration of the spray and hence is of necessity a phenomenon confined 
to the shore. Yet this hardened surface with the dientes de perro and 
iron oxide stains passes under the shallow synclinal trough. This can 
only be explained by recent submergence. 





Fic. 2.—Tree trunks standing in water. The trees were drowned by a recent sub 
mergence. Near mouth of Rio Caunao. 


Submerged drainage courses in the muds of the shallow trough 
bear witness to the same events. Some of these have been traced 
along the trough to their outlets in the Bahama Channel. These 
courses are only a few yards wide and are well known to the local 
boatmen who use them to avoid shoals. 

Recent subsidence is likewise evidenced by the streams that empty 
into the trough from the mainland. These are slow and sluggish. Salt 
water enters the mouth of Rio Maximo for a considerable distance. 

The most striking evidence of very recent sinking along the syn- 
cline is the partially submerged black mangrove trunks. The black 
mangrove (Avicennia nitida), or mangle prieta as it is called by the 
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charcoal burners, grows along the edge of the salt water but not in 
the water. Dead trunks still standing have been noted locally in the 
water along the south side of the trough several feet from the shore 
(Fig. 2). In rare cases these trunks are at least 30 feet from land. 
Evidently these trees were killed by the incursion of the salt water. 
Retreat of the shoreline by erosion cannot explain the isolation of 
these trunks as there is no evidence of erosion along the shore facing 
the shallow water. 
OTHER MOVEMENTS 

The island of Cuba is relatively unstable. Considerable movement 
in very recent times is recorded in the terraces both above and be- 
low sea-level and in the submerged valleys. In many places these 
movements are very probably going on at the present time. The 
elevated beaches at Point Maisi on the eastern end of the island, the 
well-defined terraces on the north side of Matanzas Bay, and the 
benches on which the city of Habana is situated are all evidences of 
recent uplift. The intrenched rivers and rapidly flowing streams in 
the province of Santa Clara indicate the same. On the contrary, the 
wide, shallow bays and sluggish streams along the north coast from 
Bahia Honda in Pinar del Rio Province east to Matanzas Province 
show that the last movement there has been one of depression. 
Havana Bay, with 100 feet of sand in the channel connecting it with 
the sea, is typical of the class. Other examples could be cited illus- 
trative of recent changes in levels. 

In the cases of recent movement mentioned, no indication of fold- 
ing has ever been observed. In two places only is there evidence that 
such movements are the result of folding. One of these is the 
Romano syncline just described, and the second is the elevated 
former channel of the Jatibonico del Norte River where it crosses the 
high limestone ridge in the north flank of the Cordillera. The river 
now passes through a natural tunnel 200 feet below the abandoned 
channel. The former river bed shows every evidence of having been 
abandoned but recently; the sides are steep and uneroded and in the 
bed are numerous boulders with scarcely any trace of weathering. 
lhe east end of the Cordillera and the Romano syncline are both in 
the northern part of Camagiiey Province. They are parallel, sepa- 
rated by a distance of 20 miles, and are en echelon, the east end of 
the Cordillera overlapping the west end of the syncline by several 


miles. 














REVIEWS 


Textbook of Geology, Part II: Historical Geology. By CHARLES SCHUCHERT 
and Cart O. DunBAR. 4th ed. New York: John Wiley & Sons, 1941 
Pp. 544; pls. 17; figs. 343. $4.00. 

Some eight years ago, in commenting on the third edition (1933) of 
‘“‘Schuchert and Dunbar,” the present reviewer wrote in this Journal: 

From the sidelines it has been interesting to watch the metamorphosis of 
that fine old Yale textbook team of Pirsson and Schuchert. On the physica! 
side Longwell, Knopf, and Flint have now been in the line-up in place of Pirsson 
for some time; and recently a new man, Carl Dunbar, has been added to the 
historical roster. .... It is safe to say that the new men can play the game quite 
as well as their elders. Of course, one does not have to read far... . to see that 
the veteran Schuchert is still captain, yet nevertheless there is readily discernible 
a new attack..... 

Midwesterners may, however, detect an eastern aura in some of the text 
....In.... the theories of earth origin . . . . there is a pretty definite case of 
eyes turned eastward..... Objections, so fully expressed for the Laplacian 
and Chamberlin-Moulton theories, apparently do not exist for the English vari 
SUOR...... 


After reading this review Professor Schuchert wrote: 

.... We have many fine letters about the third edition which I am glad to 
read ‘“‘is now in fact as well as in name a textbook.” That is what I have been 
striving for all these years, but it took a young man from Kansas to show me 


To show you how well we are pleased, I am sending a poem written by a 
“down easterner.”’ I hope you will enjoy it. 
Because others may enjoy it also, and especially because there is all too 
little humor, not only in a war-torn world, but in the science of geology, 
the poem, another bit of Schuchertana, is quoted here. 
I’m happy to see, says hoary C. C., 
The veteran sports reviewer, 
That the new Yale bunch still carries the punch 
That makes their competitors bluer. 
I’ve watched Yale play since that far-off day 
When I put on my first long trouser, 
They’re a fine lot of men, I’ll encourage them, then, 
I’ll give them a good write-up, yowser' 
* Poetic license—due to exigencies of rhyme.—AvuTHOR’s NOTE. 
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They face somewhat east and their planets at least 
From the only true gospel have run far, 

But I’ll praise without stint* 

Knopf, Longwell, and Flint, 
Cap. Schuchert and even young Dunbar. 


g97 


The fourth edition continues to carry the “‘punch’’! In the first three 
months of 1941 more copies of this textbook were distributed than in any 
previous full year of its history, the sale topping the previous best twelve- 
month record by approximately a thousand copies. Little wonder com- 
petitors are ‘‘bluer’’! 

‘“‘Schuchert and Dunbar” has been thoroughly revised, for approxi- 
mately one-half of the text has been re-written, and discussions of many 
new discoveries have been added. The book is now divided into five 
main divisions and twenty-one chapters, plus an Appendix and Index. 

A comparison of the present volume with the third edition shows that, 
although the Prologue still consists of six chapters, the discussion of length 
of time and the geological time chart have been combined, whereas chap- 
ter vi, which discusses the reasoning behind the interpretation of the 
stratigraphic record, is entirely new. The chapter on evolution has been 
extensively recast and important new illustrative material added. The 
history of the Rocky Mountain region has also been given a new treat- 
ment in which block diagrams are used extensively to illustrate its gradual 
physiographic development. 

Numerous other improvements are found throughout the text. In this 
edition objections to the Jeans-Jeffreys tidal theory are at last fully ex- 
pounded, and Professor Henry N. Russell’s criticisms of all present the- 
ories for the origin of the solar system are brought to the attention of the 
student. The geological dates as determined by helium ratios, now known 
to be somewhat unreliable, have been modified. Recent interpretations 
of the Permian stratigraphy of the Southwest also are included, as well 
as important data regarding the fossil grasses of the high plains. Some 
of the work of the Committee on Stratigraphy of the National Research 
Council, of which the junior author is the general chairman, has been skil- 
fully utilized in the preparation of new tables of formations. Thus the 
latest words on correlation are presented, and yet unimportant strati- 
graphic details, so confusing to the average student, have been commend- 
ably omitted. Finally, the most recent information on Pithecanthropus 
and the Peking man has been included, together with new illustrations. 
One of the notable features of the new volume is the wealth of new 
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illustrative material generally. The publishers claim that more than one- 
third of the illustrations are new, and even a cursory examination of the 
text shows that their statement is well justified. However, although the 
number of figures has been increased from 332 to 343, the full-page plates 
have been reduced from 35 to 17. Therefore, although the entire book has 
been reduced from 551 to 544 pages, the textual portion has actually been 
somewhat lengthened. 

All of the paleogeographic maps are new, and they have been prepared 
with a technique which, it is hoped (this reviewer thinks without any real 
basis) will be more easily comprehended by the student. The senior au- 
thor has drawn on his encyclopedic knowledge of North American stratig- 
raphy in their revision, and only those iconoclasts who assert that all 
paleographic maps are equally bad will deny that they represent a marked 
scientific advance over his earlier splendid but less thoroughly documented 
efforts. Nevertheless, it may well be doubted whether teachers of histori- 
cal geology will find the new cartographic conjectures as easy to discuss 
as their less accurate predecessors. Certainly in their present reduced size 
they make far less excellent lantern slides than did the illustrations which 
A. K. Lobeck prepared under Professor Schuchert’s direction for the sec- 
ond edition (1924). This may seem a trivial criticism, but pedagogically 
it is a matter of some real consequence. 

This is a distinctly ‘favorable’ review, and therefore it is heterodox 
to insert more than one adverse comment. Nevertheless, in order to pre- 
vent Professor Schuchert from rhyming once again “praise without 
stint,” a few other criticisms must be dug up. For instance, the well- 
known St. Louis coral appears in the second edition as A xinura canadensis 
and in the third edition as Lithostrotion basaltiforme, whereas in the fourth 
the writers have triumphantly applied to it Yabe and Hayasaka’s sub 
generic designation Lithostrotionella. No wonder some physical geologists 
claim that we earth historians are inconsistent! Even more amazing is the 
authors’ spelling of Protadelaidea, the supposed Australian pre-Cambrian 
arthropod, which both in text and index becomes Protaledadia! Some 
critics may well write: ‘Certainly this is as ‘fantastic an interpretation’ 
of the name of the ‘fossil’ as the authors of the ‘genus’ placed upon its 
organic relationships.’’ But obviously this is the kind of perverse typo 
graphical error which results from the combination of stenographic tran- 
scription of a flowing hand and a momentary nod during proofreading. 
Such errors unfortunately are at once the despair of the author and the 
delight of the commentator. 

All criticisms aside, it must be stated that because of the continued 
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general excellence of this outstanding American scientific textbook it is 
achieving an almost national adoption. Thus it is not surprising that 
when teachers of historical geology select a text their eyes as well as the 


authors’ are likely to be “‘turned eastward.” 
CAREY CRONEIS 


Survey of North Greenland. By Lauce Kocu. (‘Meddelelser om Gr¢n- 
land”, Band 130, No. 1.) Copenhagen: C. A. Reitzels Forlag, 1940. 
Pp. 364; figs. 56; atlas with 21 pls. Kr. 22. 

From the vantage point of extensive firsthand acquaintance with the 
region, Lauge Koch has traced with thorough understanding the explora- 
tion and mapping of North Greenland from Inglefield’s expedition of 
1852 to the present. While chief consideration has been given to the 
geographic and cartographic results, the difficulties encountered and the 
obstacles overcome by the successive expeditions are vividly apparent 
between lines in the text. For anyone scientifically interested in the Arc- 
tic, the advance of knowledge step by step, correction of earlier mistaken 
ideas and maps, and the various vigorous controverises later clarified by 
further exploration make excellent reading. The treatment of the prob- 
lems is masterly; if the reader senses in certain places some overlapping of 
quotations, he realizes that this is but the strenuous endeavor of the au- 
thor to bring out what seems to him the full truth of ardently debated 
questions. 

Robert E. Peary, of course, looms larger than any other explorer of 
Greenland. His dogged efforts through much of a lifetime to explore 
North Greenland and reach the North Pole contributed greatly to the ad- 
vance on the Arctic. That the successes and contributions of this ruggedly 
honest, though not sufficiently diplomatic, explorer should occasion long- 
continued vituperative attacks upon his integrity, competency, and the 
verity of his results from innumerable poorly informed sources is a sad 
reflection on the intelligence of public opinion. Not a little of this dis- 
paragement has centered on the 250-mile trench with mountain walls 
across the northern tip of Greenland from Independence Bay to Lincoln 
Sea, which Peary and Astrup partly saw and partly inferred on a sledge 
journey over the inland ice in 1892 and which has come to be called “‘ Peary 
Channel.’’ Upon this topographic feature has been focused, in conse- 
quence, much of the attention of the following expeditions: Mylius 
Erichsen (1906-8); Ejnar Mikkelsen (1909-12); First and Second Thule 
expeditions, Knud Rasmussen leader (1912 and 1916-18); Bicentenary 
Jubilee Expedition, Lauge Koch leader (1920-23); and the Seaplane Ex- 
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pedition to Peary Land, Lauge Koch leader (1938). In an objective, sci- 
entific way Koch brings out clearly just what Peary and Astrup saw and 
just what they inferred from this, and what their successors in turn saw 
and concluded. 

The problem remained unsolved until 1938, when Koch flew the length 
of Peary Channel, studying and photographing it from the air. His Figure 
56 in the present volume—‘ Map showing Peary’s map of the Peary Chan- 
nel and surroundings (red) compared with the most recent map (black)”’ 
is very enlightening. The channel, whose existence has been dogmatically 
denied, extends as a trench from sea to sea, though its sinuous course in 
places departs considerably from the relatively straight lines drawn o1 
Peary’s sketch map, and its bottom does rise above sea-level over a short 
stretch of its long extension. Astrup’s published account, however, had 
stated explicitly that they did not know ‘“‘ whether the bottom of this de 
pression along its middle portion is situated above or below the level o! 
the sea.”’ It was thought to have been a route of migration of Eskimos 
musk oxen, etc., to East Greenland. Koch’s evident appreciation of 
Peary’s work and the justice which he renders to his memory are pleasing 
to read. 

The volume also includes a section on the recent mapping of East 
Greenland in which the author has played a very important part. In a 
separate atlas are excellent plates (18 X 13 inches) which represent the 
cartographic work of the various expeditions. 


m. Bs G 


The Examination of Fragmental Rocks. By FRepERICK G. TICKELI 
Rev. ed. Stanford University: Stanford University Press, 1939. 
Pp. x+154; figs. 54+frontispiece; 20 tables. $4.00. 


Like the first edition, this book is composed of a short Introduction and 
five chapters entitled “Size Analysis,’ “Porosity and Permeability,’ 
‘Preparation of Specimens,” “‘ Identification of Minerals,” and ‘‘ Descrip- 
tion of Minerals Found in Sedimentary Rocks.”’ The Bibliography at the 
end has been revised and enlarged to 137 titles. The revised edition re 
tains all those features which made the first edition so useful to the sedi 
mentary mineralogist. Laboratory technique and tabular information are 
clearly presented, and the book itself is most attractively designed. 

The chapter on ‘‘ Porosity and Permeability” has been re-written and 
enlarged from eleven to twenty-four pages. Detailed laboratory instruc 
tions are given for making these determinations by selected methods. 
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Apparatus diagrams are clear, and calculations are carried through in 
detail. Many improvements in technique developed since the first edi- 
tion are included. 

The chapter on“‘ Size Analysis” is little changed and fails to incorporate 
most of the advances made since publication of the first edition. Labora- 
tory methods are given which have neither widespread usage, speed, ac- 

uracy, nor minimum equipment cost to recommend them; at the same 
time such widely used procedures as the hydrometer and pipette methods 
for mechanical analysis of silt and clay are unmentioned. The important 
contributions of Trask and Wadell are not even included in the Bibliog- 
raphy at the end of the book. 

The remainder of the book deals primarily with heavy-mineral studies 
and the use of the petrographic microscope; changes from the first edition 
consist mainly of corrections and brief, but valuable, laboratory sugges- 
tions. The point of view is solely that of the sedimentary mineralogist. 
\ chapter on the interpretation of heavy-mineral data would greatly have 
increased the usefulness of the book for classroom purposes. For those 
vith some previous training in the use of a petrographic microscope or 
with a little teaching assistance, these chapters form a good laboratory 
manual for sedimentary mineralogy studies. 

It is regrettable that the author did not see fit to revise the entire 
book according to the high standard set by the chapter on “Porosity and 
Permeability.”” The revised edition will, however, be welcomed by those 
lacking either the time or the facilities for study of the original papers in 
this field and by all engaged in microscopic sedimentary petrography 
not already possessing the first edition. 

GEORGE H. Ortro 


The Physical Sciences. By E. J. CABLE, R. W. GeTcuELL, and W. H. 
Kapescu. New York: Prentice-Hall, Inc., 1940. Pp. 771; figs. 300. 
l'rade, $5.00; school, $3.75. 

This book is written as a text for a survey course of the so-called “‘phys- 
ical sciences.’’ The subject of geology is covered in 78 pages which deal 
with geological processes, rocks of the earth, and historical geology. Such 
a short account cannot be detailed enough to be of value in itself. The 
virtue of a text such as this is that it attempts to integrate and show the 


interdependence of various branches of the physical sciences. 


C. W. STERNBERG 
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